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DECOMPOSITION OF FOREST LITTER AND THE CYCLE 


OF ELEMENTS IN AN OAK FOREST 


N. P. REMEZOV, Lenin State University of Moscow and Voronezh Reservation 


There are two distinct periods in the annual 
cycle of an oak forest. The first is the time 
of formation of the forest litter under the in- 
fluence of autumn defoliation. In the oak for- 
est of the Voronezh State Reservation, where 
we made our investigation, leaf-fall begins at 
the end of August and ends in early November. ! 
The second period, which embraces the other 
months of the year, is the time when the fallen 
leaves decompose. 


Long-term investigations showed that the 
mass of foliage forming in an oak forest 
every year does not change in relation to the 
age of the tree stand. Weather conditions in 
individual years have a much greater effect 
(2,3,4). Data on the amount of litter ina 
sedge-goutweed oak forest show essential 
differences in the mass of litter forming annual- 
ly. This influence manifests itself differently 
in plot areas in oak stands of different ages 
(Table 1). 


Depending on the fluctuations in the mass of 
litter, the amount of nutrient elements which 
return to the soil surface with the litter also 
changes. This can be illustrated by data for 
a 93- to 106-year old oak stand, where the 
difference in age has the least effect, and the 
observed fluctuations in the amount of litter 
are caused primarily by weather conditions 
(Table 2). 


The alternation in the annual cycle of the 
litter formation and its subsequent decomposi- 
tion determines the change in the mass of 
forest litter. The amount of litter in an oak 
forest is greatest at the beginning of spring 
and consists of undecomposed old litter and 
litter accumulated during the autumn and partly 
during the winter-spring season. The forest 
litter decomposes during the following spring- 
summer season and by the time autumn leaf- 
fall occurs the mass of litter reaches its lowest 
value. The change in the mass of litter from 
1957-1958 can serve as anexample, After 
autumn leaf-fall, supplemented by the spring 
leaf-fall of late oak, the total amount of forest 
litter was 13.2 metric tons/ha. Decomposition 


ivThere is also a leaf-fall in spring in stands con- 
taining late oak, which keeps its dry leaves until 
spring. 
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in summer reduced this amount at the beginning 
of the next leaf-fall to 9.7 metric tons/ha. The 
difference of 3.5 metric tons/ha corresponds 
approximately to the leaf-fall. 


Both changes in the mass of litter and in 
the rate of its mineralization depend on weather 
conditions. Generally, however, the decomposi- 
tion of litter corresponds more or less to the 
accumulation of litter, with unavoidable devia- 
tions in one or the other directions. For the 
sake of comparison we must mention that the 
amount of forest litter in pine stands in the 
same forest massive is 37-46 metric tons/ha. 


Two layers can be distinguished in the 
composition of forest litter in an oak forest. 
The largest mass fluctuations occur in the 
upper layer, which consist of fallen leaves and 
is designated by the letter L. The weight of 
this layer was 5.3 metric tons/ha in the sprin 
of 1958, while it decreased to 2.7 metric tons/ha, 
i.e., by 2.6 metric tons/ha, at the beginning of 
leaf-fall. Mass fluctuations in the second layer 
(or fermentation layer), which we will designate 
by the letter F, were smaller. This layer con- 
sists of almost completely decomposed leaves of 
a dark brown color, which are interwoven with 
the mycellia of fungi. The entire F layer 
weighed 7.9 metric tons/ha in spring, while 
before leaf-fall its weight became 6.9 metric 
tons/ha, i.e,, its mass was reduced by 1.0 
metric tons/ha. 


As the mass of the layers of forest litters 
decreases, the content of ash elements in them 
increases because of the decomposition of or- 
ganic compounds, primarily carbohydrates. We 
found an increase in the content of ash elements 
in the L layer from 5.2% to 6.5% from spring 
to autumn; the increase in the F layer was from 
8. 2% to 9.4%. 


As compared to the fallen leaves (Table 3) 
the forest litter becomes poor in nitrogen, 
potassium, phosphorus, and magnesium and 
relatively rich in silica, aluminum, and iron, 
and slightly less in calcium as it decamposes, 
This is especially noticeable at the fermenta- 
tion layer (F), where the decrease in potassium 
is most pronounced, 


Additional patterns are revealed by the calcu- 
lation of the total content of elements in the 
forest litter (in kg/ha) and: its separate layers 
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Table 1 


i i t dark gray-brown sandy loam forest 
Dynamics of litter fall in a sedge-goutweed sae: on gray 


Years of observation, metric tons/ha 


pectin aeons | 1919 | 1950 52 | 1953 | 1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 


3,5 
4,4 
2:8 
3/8 


130—142 


Note: Comma represents decimal point. 


Table 2 


Amount of nitrogen and ash elements from the leaf-fall (leaves) in a 93- to 106- year old 
sedge-goutweed oak stand 


Years Ni | 
litter 
collected 
1948 32,9 18,6 3,8 DEA 8,9 210 4.9 4,8 
1049 30,6 Ath 3,0 o420 Col! 19,6 4,6 4,7 
1950 42,8 La 4,6 72,9 10,4 25,8 6,1 6,0 
1951 34,9 Qt) 9.6 95ro 42,5 S8iad. fa eye 8,4 
A952 46,3 wee a 5,1 74,7 LO 25,6 6,2 6,1 
1953 43,9 2A 5,0 80,8 11,6 27,6 6,7 6,6 
1954 Dee 2A) ol: 3,8 95,6 ila Sone iou hind 
1955 43,2 24-0 4,1 (eae 10,8 25,2 6,0 4,9 
1956 48,6 2Gn2 4,8 81,0 fA 28 ,2 6,7 6,7 
1957 46,0 oa 4,3 Uiaa’ lal #2 26,9 6.6 6,4 
1958 deiqe4 24,0 | Tene 10,8 wy 6,0 4,9 
1959 30,9 2 VAL) 3,1 29,3 9,0 1 Ae Da, 4,9 
1960 37,9 25,9 3,7 72,0 10,9 17 2 11,9 6,0 
oe 
Note: Comma represents decimal point. 
(Table 4). Such a calculation shows that the content decreases only slightly; the decrease 


total content of iron in the forest litter hardly in the amount of silicon is more pronounced. 
changes during decomposition and the aluminum The improverishment of the litter is greatest 


Table 3 


Content of nitrogen and ash elements in fallen leaves and in the litter of an oak forest, 1958 


Layers N ‘ | Al | =e | a | Me 


Sampling 


: In % of substance dried at 100 °C 
time Litter 


L 
i 
L 
F 
1b 


F 


Note: Comma represents decimal point, 
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Table 4 


Change in the content of nitrogen and ash elements in the litter of an oak forest 


s li N Si Al 
Festa Layers, | ==> | | 
1b, OG Sa 28h2 15,4 
June i 12979 O42 g556 
“Total | 296,2| 92,4 | 51,0 
je SG bl 9 Keds) 10,8 
July ie 103,4 | 57,4 33,3 
Total 160,5 | 75,6 44,1 
it Mf | 6 10,4 
August F 101,6 | 60,6 36,2 
Total 17,6535: 516.2 46,3 


[Se Reine) Ca S| Mem 


Content in kg/ha 


90,4 
148,9 
939 3 


6 
7 
3 
7 
1 
8 
8 
9 
7 


Note: Comma represents decimal point. 


in potassium, nitrogen, and phosphorus, and 
somewhat less in calcium and magnesium, 
The largest decrease in the amount of these 
elements in 1958 occurred in June-July and 
was relatively small in August. 


If we calculate the content of each element 
in August (in percent) from that in June, we 
obtain the following ascending series in order 
of mobility: 


mobility Fe < Al< Si< Ca< Mg=N<P<kK 


(a) of 

imials.100 5 90, (83° a2 65 65 53 46 
The absolute values of the series change in 

other years, but the relative order of mobility 

remains the same. 


The foregoing analytical material does not 
embrace the early spring period, when leaching 
of the forest litter and soil by snow meltwater 
and spring rains is greatest. Therefore it can- 
not characterize the absolute loss of separate 
elements by the forest litter. 


Moreover, this material does not show where 
the elements lost by the forest litter go. We 
cannot tell on the basis of the foregoing analyses 
which part of the elements was leached from the 
litter by precipitation, which was removed by 
animals feeding on dead plant materials, and 
which was drawn into the new biological cycle. 
A certain part of the elements supplied to the 
forest litter during the biological cycle is later 
undoubtedly removed from the litter into the 
soil. This process has an exceptionally great 
effect on the formation of the profile of forest 
soils and their forest-growing properties. 


Calculations of the elementary composition 
of parent rocks in volumetric percentages 
showed that 92%-94% of their volume is occupied 
oxygen atoms, while all the remaining atoms 
account for 6%-8%. Thus, the elements needed 
by plants are very scattered among oxygen atoms 
in rocks. Asa rule, there is no nitrogen in rocks. 
It follows from the foregoing that unchanged 
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parent rocks represent a medium which is un- 
favorable for nutrition. 


The upper part of the soil profile becomes 
enriched with humus, nitrogen, and ash ele- 
ments during the biological cycle. This changes 
the soil medium inhabited by plants consider- 
ably. The concentration of biologically important 
elements in the root zone, which is achieved 
through the forest litter, creates more favor- 
able conditions for the development of forest 
vegetation and improves the forest-growing 
properties of soil, 


The upper part of the soil profile in the 
foregoing oak forests on poor quartz sand is 
noticeably enriched not only with humus and 
nitrogen, but also with aluminum, iron, 
manganese, calcium, magnesium, sulfur, and 
phosphorus. The accumulation of calcium and 
sodium is less pronounced. This enrichment 
of the upper part of the profile with the fore- 
going elements (Table 5) takes place at the 
expense of the underlying layer (D horizon, 
sample from a depth of 122-128 cm), which is 
richer in ash elements, during the biological 
cycle of elements, Elements brought by the 
temporary water table can also be diawn into 
the biological cycle in spring. 


Not only the foregoing elements, but also 
a small amount of microelements is drawn 
into the biological cycle. An analysis of 
fallen oak leaves (Table 6) showed that a con- 
siderable amount of titanium, a considerably 
smaller amount of strontium, and even a 
smaller amount of the remaining elements 
(vanadium, chromium, nickel, copper, and 
lead) enters the soil withthem. An especially 
small amount of cobalt and molybdenum is 
supplied to the soil by the fallen leaves, while 
the amount of zinc and tin is below the sensi- 
tivity of the spectral method, 


A comparison of the content of microelements 
in the fallen leaves and in the forest litter gives 
a certain idea of the process of microelements 
accumulation in the forest litter. The accumulation 
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Table 5 


Results of total chemical analysis of dark 
silty clay loam. 


Fe | Mn | Ca 


gray- 
Sedge-goutweed oak stand 


In % of ignited soil 


44.861 1,0010,44| 0,06] 0,51 | 0,05 | 0,03 

At 5— 10 rile oan 0.52 1C,04] 0.47 | 0,16 | 0,28 | 0,16 1 0,09 1 0,03 

AB, | 18— 23 | 45.2510. 19 10,350.04] 0,19 | 0,22 | 0,20 | 0,16 | 0,0% | 0,01 
tt | 54— 59 | 45531} 4.68) 0.39/ 0,02) ut | 0,07 | 0.24 | 0,13 | 0.03 | O,oL 

B 78— 83 | 45,50]0,40/ 0,26] 0,01] 0,20 | 0,07 | 0,18 | 0,08 0,06 0,01 

D> 122128 | 39,27] 4,53 | 2.29] 0,03 | 0,52 | 0.36 | 0.90 | 0,23 | 0.06 | 0.04 


brown, sandy loam forest soil underlain by 
(Ye. N. Plastinina, analyst) 


[ Sante ate mae ee Nie | 


0,16 | 0,25 }.0,16 | 


Note: Comma represents decimal point. 


{Ea = 
Note: The first sample (A, 0-5 cm) was taken immediately from under the litter. 


Table 6 
Content of microelements in fallen oak leaves and in the litter of an oak forest (M.A. Vinnik, 
analyst)@ 
Subject. Ti | Vila[eecrot |Mannse]: Co: ||) Mowe |imteus,jetzm Rl aesrea he Pha mse 
Pate Mec ak eal le Se ee i Ni MU ie a AM ed 
aca soa In mg per 1 kg of substance dried at 100°C 
Fallen ’ 
leaves DLS] Waste! aee  ee 0,3 0,4 4,9 — 15,2 
L layer D330). Sil MOM lel3GuheO), 3 Ona 0,9 O22 — 28,2 
F layer fre Ofer) cay || Msi |b Oy. 7 — AAS 20a | — 6153 
1 


4The determinations were made on an ISP-22 spectrograph and were followed by measure- 
ments of the darkening of spectral lines on the microphotometer by the method of three 
standards. The sign — (minus) indicates that the content of the given element is below the 
sensitivity of the method. The litter samples were taken in August, 1957. 


Note: Comma represents decimal point. 


of titanium, strontium, vanadium, chromium, 
and copper is very distinct. Lead and molyb- 
denum accumulate to a much lesser degree. 
The content of zinc and tin is below the sensi- 
tivity of the spectral method both in the fallen 
leaves and in the litter. 


The content of all microelements investi- 
gated, except titanium, was minimal in the 
parent material (quartz sand) (Table 7). As 
was to be expected, the underlying material — 
silty clay loam, was richer in microelements. 
However, the content of molybdenum, zinc, 
strontium, tin, and lead in it was approximately 
the same as in the quartz sand. The difference 
being in the higher content of titanium, vanadium, 
chromium, manganese, nickel and to a lesser 
degree cobalt. Under these conditions the root 
systems of oak and its companions had to work 
hard to concentrate in the upper part of the 
soil profile the biologically important micro- 
elements which are very scattered in the soil- 
forming parent material and the underlying 
material. 


In spite of such poor availability of micro- 
elements to vegetation, analyses (Table 7) show 
the accumulation of a number of microelements 
in the humus-accumulation horizon (A,); ac- 
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cumulation is less pronounced in the lower- 
lying horizons (AB and B,). The accumulation 
of titanium and manganese is most distinct, 

that of vanadium, chromium, nickel, and 
copper is much less pronounced, and there 

is very little cobalt and zinc. The behavior 

of strontium is peculiar. Even though it 

is contained in notideable amounts in the fallen 
leaves and concentrates in the litter, its content 
in the upper soil horizons was not high. 


The course of litter decomposition is very 
important for the supply of nutrients in the 
available form to forest vegetation. Soil and 
litter animals have an essential influence on the 
decomposition rate of fallen leaves. This is 
evidenced by the very large number of gnawed 
leaves composing the upper layer of the forest 
litter. It was noted that gnawed leaves are 
the first to be decomposed by microorganisms. 
Broadleaf forests are especially rich in soil 
and litter fauna, The discussion of this wide and 
complicated problem does not enter into the 
frame of the present communication. 


Microbiological investigations made b 
Chastukhin in the foregoing oak forests (5) showed 
that recently fallen leaves are already covered 
with numerous black spots from the fruiting 
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Table 7 


Microelement content in dark gray-brown sandy loam soil on quartz sand underlain by silty clay 
loam. (M.A. Vinnik, analyst). 


Hori- ie | Vv | Gr | Ni | Co 
zon 


Depth, 
em 


| Mo} Cu | Zn 


In mg per 1 kg of soil ignited at 450°C 


| Bese \aesa: [Pp [| Ma 


é 1—10 | 5200 | 56 | 45 | 28 <<a) BH 500 100 5 5 

AB 156—23 | 2800 | 30 | 48 x} peor) E00 S100 = = | ee 
By 26—36 |} 1900 | 28 | 52 Se eam Ol | eee OO eh <5 LUO 
Bs AO NOOO me) (Gi) <5) 07126 SOOT 100) es <5 100 
B, 80—90 SSI) i) Pell ea So || <Ss | ee Zee eel OOM ee CI <a <5 100 
D l 120— 130) 4800" | 79 145°) 17 7 | ell “ohay |e MOON | ee) ee ek 27K) 


bodies of ascomycetous fungi. Thus, the fungal 
action begins in a number of cases on leaves 
which are still attached to the tree. Chastukhin 
found the mycelium of basidium fungi and cellu- 
lose-decomposers (Trichoderma ligno rey 
developing in the slightly decomposed (upper 
layers of forest litter. In addition to basidium 
fungi he found strongly developing molds in the 
lower layer of the litter. Experiments on the 
decomposition of cellulose substantiated the fun- 
gal nature of this process in the oak forests 
studied. 


To study the release and removal of nitrogen 
and ash elements from the forest litter, we 
used Biichner-type funnels, used for this pur- 
pose in the past by N. N. Stepanov and others. 
By placing leaves or litter with an undisturbed 
structure into this funnel we could analyze the 
composition of the percolate. A number of ob- 
servations made during the work process lead us 
to the conclusion that the mineralization of the 
leaves or litter, taken individually, differs 
from that taking place when they are in contact 
with the soil. 


To clarify this problem, Ye. M. Samoylova 
made an additional experiment in the autumn 
of 1958 on the decomposition of leaves under 
conditions more close to natural conditions. 
This experiment was made parallel to the study 
of the decomposition of litter in the funnels. 
Caprone bags were filled with oak and basswood 
leaves and placed on the soil surface in an oak- 
basswood stand. The walls of the bags were 
perforated to let the litter fauna through. The 
experiment was replicated 5 times, the agree- 
ment between the parallel experiments being 
good, 


A comparison of the decomposition rate in 
the funnels and in the bags gave the following 
results, showing the decrease in weight in 
the course of a year in percent of initial weight: 


Leaves: Oak Basswood 
in funnels 16 Die 
in bags 27 60 


Thus, the decomposition rate in the funnels 
was 1.6-1.8 times slower than in the bags. 
This shows that we cannot judge the loss of 
elements from the soil and draw any genetic 


707 


conclusions from this on the basis of the dif- 
ference in the removal of elements only from 
the litter and litter — soil, placed in lysimeters. 
The greatest decrease in weight took place 
during the spring-summer period, it was less 
in autumn, and very small (2%) in winter. 


During the investigations we could observe 
regular differences in the nature and decomposi- 
tion rate of the leaves of various trees. A relation 
was found between the rate of leaf mineralization 
and the content of nitrogen and ash elements in 
the leaves (4,6). Decomposition by lower 
organisms, which possess a Selective ability 
with respect to the nutrient substrate, is the 
more rapid the richer the leaves are in the 
foregoing elements. A role is also played by 
other properties of the leaves, such as hard- 
ness, the content of tannic substances, etc. 


Basswood, ash, hazelnut, and elm leaves 
decompose most rapidly, since they constitute 
a favorable substrate for soil and litter animals 
and microorganisms. Oak and aspen leaves 
were found to be most resistant to decomposition. 
Oak and aspen leaves decompose more rapidly 
when mixed with hazelnut, ash, and basswood 
leaves. 


According to anatomical investigations (4), 
the mesophyll is decomposed first and then the 
epidermis and a large portion of small cells. 
The leaf veins are preserved longest. Chemi- 
cal analyses showed a considerable decrease in 
the content of protein, bitumen, and hemicellu- 
lose and a slightly lesser decomposition of 
cellulose during the winter and early spring 
periods. At the same time there was a con- 
siderable accumulation of water-soluble organic 
substances. During the following summer-autumn 
period cellulose decreased further and the content 
of water-soluble organic compounds decreased 
sharply. At the same time re-synthesis of 
hemicellulose took place and the amount of non- 
hydrolyzable residue increased as a result of the 
formation of humic substances. 


The analytical material on the removal of ash 
elements from decomposing leaves obtained for 
a number of years (1950-1960) is so erroneous 
that we cannot present it here. This limits us 
to the presentation of our final general conclu- 
sions, 
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Potassium is released most rapidly during perimental plot of 35 m? for the study of hori- 
the decomposition of leaves. Under the condi- zontal flow. The description of this plot is 
tions of lysimetric experiments, basswood given in an earlier publication (2), which in- 
leaves lost more than 90% of the initial amount cluded data for the first 4 years of observa- 
of potassium each year; elm and hazelnut tion (1954-1957). Now we can present data 
leaves lost 85%; ash, maple, and oak leaves for 7 years (1954-1960). 
lost 80%. The foregoing amounts of potassium 
were removed from the leaves of many trees 
as early as during the early spring period. 
The removal of sulfur, phosphorus, and mag- 


In all these years horizontal moisture flow 
took place only during the snow melting period 
during the second half of March and April, 


nesium was considerably slower, and that of sometimes extending to the first half of May. 
calcium was even slower than that. Oak, In 1957 slight percolation was observed in the 
ash, basswood, and hazelnut leaves lost 40%- second half of February because of a prolonged 
50% of their initial calcium content in the warm spell in winter. There was some percola- 
course of a year. As in other investigations, tion amounting to a total of 2.5 metric tons/ha 
there was a relative accumulation in the in the rainy summer of 1958. The total annual 
products of leaf decomposition of silicon, percolation during 7 years varied from 15 
aluminum, and iron, which are removed most metric tons/ha (1960) to 60 metric tons/ha 


(1958). Fluctuation in the flow depends on 


slowly from the leaves. 
the spring storage of moisture in soil, mois- 


The amount of elements removed beyond ture content of snow cover at the beginning of 
the soil profile was assessed in a special ex- snow thaw, manner of thawing and effect of 
Table 8 


Relationship between the supply of elements from the litter and their removal by percolation 
in a sedge-goutweed oak stand 


Supply and removal of 


elements si Al Se ae - 6 = 
1953-1954 | | 
Supplied by litter, kg/ha Bone Se |) Wah — | 42,5 
Removed by percolation, kg/ha 0,034] 0,147] 3,277| — 0/208 Tete 
Same, % of supply O40 1 9771's) SG an VOL SoeFeO 
1954-1955 | 
Supplied by litter, kg/ha 34,8 | 5,7 |100,9 ie 2 
Removed by percolation, kg/ha ad 0,295 2° 764 — “0'093 ats 
Same, % of supply 0:04" 5547 |) 2,74 | sae) OnozeivO 
1955-1956 
Supplied by litter, kg/ha 29,0 | D OMEOO RO 35,6 UR 
Removed by percolation, kg/ha 0/049 0°52 Re isk ; / 
Same, % of supply | 0,07 960 | 1 78:| pecakaL cera 
| ’ ’ “iii ’ 
1956-1957 
Supplied by litter, kg/ha 24,8 334 2.6 
Removed by percolation, kg/ha} : eee manana ie ae 
Seer Lhe) Se iy = | Ss a 
’ ’ re ’ ’ 
1957-1958 | | 
Supplied by litter, kg/ha 
Removed by percolation, kg/ha oe ners athe rie tel tras aia 
Same, % of supply 0:24 3°38 2,21 0,24 0,09 | 0,009 
Pe : 4,1 2,5 0,4 0,2 
1958-1959 
Supplied by litter, kg/ha 22,6 Dy 8) | 49,8 
Removed by percolation, k 0": 0 ; det elena Bs 
Som Ragen ee) Oar | lar | 9 | 80 [0.2 | Ooo 
’ ’ ’ ? 
1959-1960 
Supplied by litter, kg/h 
Removed by percotationte/nal O' | dieog| °O'ds | 1brB |80:0, [1005 
" Ss ? ’ , ] % 
Friel ae 0,37 | 0,17] 0,41 | 0:27| 0:07 0102. 


Note: Comma represents decimal point. 
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spring rains, 


The active reaction of all the percolation 
waters during these years was close to neutral, 
varying from 6.9-8.0. Of all the elements, 
calcium was removed in the greatest amounts 
during all these years, while much less potas- 
sium was removed (Table 8). For magnesium 
we have data only for the last 3 years which 
show that magnesium is removed in much lesser 
-amounts than calcium. Only very insignificant, 
Sometimes unassessable amounts of phosphorus 
were removed; the removal of sulfur was also 
small, but greater than phosphorus. The con- 
siderable removal of aluminum when percola- 
tion waters contained a small amount of silicon, 
was unexpected. The removal of silicon in- 
creased considerably in the last two years 
(1959, 1960), exceeding that of aluminum in 
1960. No definite relationship was found be- 
tween the volume of percolating water and the 
removal of the foregoing elements with it. 


The quartz sands on which the soils studied 
developed do not contain soluble salts and 
the source of the water-soluble salts removed 
by percolation is the organic substance pro- 
duced by higher plants and the dead organic 
substance decomposed by lower plants and 
soil and litter animals. If we express the 
amount of elements removed by percolation in 
percentages of the amount supplied by the fallen 
leaves, we will obtain indices which character- 


ize the mobility of a corresponding element under 


given conditions (Table 8). 


We constructed the following mobility series 
on the basis of such indices for 5 elements for 
which we had 7-year data: 


1954 Ca> Al> K>Si>P 
1955 Al> Ca>K>Si>P 
1956. Al > Ca > K> Si> P 
1957 Al> Ca>K> Si>P 
1998. Ca > Al > Ke Si>P 
1959 Al>Ca>Si>P>K 
1960 Ca>Si>Al>K>P 


The sequence of the foregoing series is 
rather consistent. Only in 1954 and 1958 did 


Al and Ca change places, whereby the difference 


in the mobility of Al and Ca in 1958 was within 
the accuracy of the investigations. K changed 
places with Si and P in 1959. We did not find 
any explanation for the low mobility of potas- 
sium in 1959. In 1960 when percolation was 
at its lowest, the removal of silicon increased 
and that of aluminum decreased. 


More detailed mobility series can be con- 
structed on the basis of investigations in the 
last 3 years: 


1958 Ca>Al> Mg>N> 
1959 Al>Ca>Mg>Si>N> 


According to B. B. Bolynov the migration 
series is: S>Ca>Mg>K>P>Si> Al 


These mobility series differ essentially 
from the migration series in the weathering 
crust, compiled by Polynov (1). Aluminum, 
which is very mobile in the soil under an oak 
forest, is the least mobile in the Polynoy series 
for the weathering crust. Potassium is more 
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mobile in the weathering crust than in the soil 
studied. Phosphorus, which is the least mobile 
under soil conditions, occupies a central 
position of mobility in the series for the wea- 
thering crust. Sulfur, which is the most mobile 
in the migration series of Polynov, is not very 
mobile in the soil and is close to phosphorus 
with which it has a lot in common, from the 
biological point of view. 


The difference between mobility series com- 
piled on the basis of data on the release of ele- 
ments during the mineralization of the oak forest 
littér and on their average removal by percola- 
tion is interesting: 


Release from 


the litter: K>P>N=Mg>Ca>Si>Al 
Removed by 
percolation: Al>Ca>Mg>N>K>Si>P 


Potassium is removed from the plant residue 
most rapidly, but according to its removal beyond 
the soil profile it belongs to the least mobile 
Aluminum, on the contrary, is very 
slowly released during the decomposition of the 
litter, but being released it acquires a relatively 
high mobility. The behavior of phosphorus and 
calcium shows similar differences. 


The foregoing is caused by the fact that the 
solutions infiltrating into the soil from the 
forest litters change their composition in doing 
so, Since the root systems of higher plants 
and microorganisms take up the elements selec- 
tively. A certain portion of the elements is 
retained because of the adsorption capacity of 
the soil. At the same time an increase in the 
content of elements is possible as a result of 
dissolution and exchange. This is somewhat 
similar to partition chromatography but 
complicated by biological processes. The 
soil is not an inert medium, and the solutions 
filtering through it undergo many changes in 
their composition and properties. 


Since various formations draw into the 
biological cycle unequal amounts of elements 
and at different ratios, while soils differ from 
each other in their interaction with the infiltrat- 
ing solutions, there is no basis to assume that 
there is only one series of mobile elements 
for all soils. 


The influence of the nature of forest vege- 
tation on the content of elements removed by 
percolation may be judged from the results of 
the analysis of the waters of forest streams, 
For this purpose we used streams with a small 
catchment basin, lying within the limits of an 
oak, aspen, or pine forest only. Beginning 
with 1955 we started with the chemical analysis 
of the water of such streams during the snow 
melting period. Now we have data for 6 years, 
We took the water of the Usmanka River for 
comparison (Table 9). 


The analyses showed considerable fluctua- 
tions in the chemical composition of dissolved 
compounds in the streams from year to year. 
There was a certain parallelism between the 
fluctuations in the content of certain elements 
in the percolated water of the plots (Table 8) 
and that of the streams (Table 9). Thus, the 
highest amount of aluminum found in the 
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Table 9 


i i treams and the Usmanka 
i hemical analysis of water of temporary S 
AS et inn eee acaiyued by MK. Sviridova and M. Ye. Popova) 


Names of streams Nature of Date | eal: 
and rivers watershed 
1955 - 
Krutovskiy Oak-covered March31 | — | 0,65} — [62,50 
Pridorozhnyy Same Seuaever | |) 0) FA) se BO 
Cherepakhinskiy | Aspen-covered v4 — | 0,70) -— eae 
Usmanka River |Covened bya, March 30} — | 0,84| — |30,2 


aid trace 


5 fess 16 
ki k- d May 30 0,45]13, 94/99, 19}14 15, 

Bacoroney aoe Same 0, 39] 14 69/99, 19}17, 21 —A08; 10 
Cherepakhinskiy | Aspen-covered n 0,37}13,97/63,71/12,94] 1 G295 
Usmanskiy Pine-covered '" 0,22}10,89 32,26 15,54 : — 112574 
Usmanka River |Covered by a " 5| 0,16]14,72|73,38]18 , 62 — |10,79 


Mt. olde tee Okt i al ee 


Nay y+) 
me 100 GC 


ki Oak -covered April 9 7,0| 1,70/21,72]24,12) 5,08 0,06 | — | 3,36 
Bearer Same a 7,2| 1,71/20,54)22,68] 1,89) 0,06 | — | 4,48 
Cherepakhinskiy | Aspen-covered i 7,2} 1,80|16.53}11,88} 0,70) 0,05 | — | 5,60 
Usmanskiy Pine-covered =| anrjl 11 |6,7| 1,61]12,30 6,48] 1,01) 0,07 | — | 4,48 
Usmanka River |Covered by @ = | april 12 | 66| 4,69]12,30/11,52] 0,50] 0,06 | — | 6,72 

1958 | 
Krutovskiy Oak-covered April 15 | 8,0] 0,87| 2,36/31,57| 1,24] 0,14 11,60] 15,9 
Pridorozhnyy _|Same f 8/0] 0,81] 2,37/18,42] 1,49] 0,03 10,72] 14,9 
Cherepakhinskiy |Aspen-covered a 7,8] 0,62] 2,30/17,10] 2,14] 0,09 |1,60) 14,8 
Usmanskiy Pine-covered " 6,0] 0,58] 2,42) 8,04] 4,14] 0,09 [2,40] 15,4 
Usmanka River |Covered Dy at " 7,6] 0,47} 2,36] 8,04] 0,40] 0,09 |4,01] 14,4 

1959 ; 
Krutovskiy " d April 4 7,0111,40| 0,18/26, 46] 0,36) 0,01 |0.33) 1,34 
Dridarochayy ign Yo iu! 7,0|41,44| 0,20/43,20) 0,06) 0,02 |0,16) 1,12 
Cherepakhinskiy |Aspen-covered 3 7,6) 8,19] 0,418]10,80] 0,17] 0,01 |0,04] 1,57 
Usmanskiy Pine-covered | April 5 |6,6| 7,89] 0,19}12, 26] 0,09] 0,01 |0,30) 1,60 
Usmanka River |Sovergd bya, " 6,8| 7,32] 0,18|21,60| 0,17|Trace |0,23] 0,78 

1960 7 
Krutovskiy Oak-covered April 15 | 7,4] 8,15) 0,34|17,91] 0,47] 0,45 |0,60| 4,45 
Pridorozhnyy _|Same % 7,4| 8,59] 0,40/26,87| 0,59) 0,44 |0,44] 2,37 
Cherepakhinskiy |ASPen-covered " 7,5] 7,39| 0,46/13,74| 0,59] 0,18 10, 11/13, 24 
Usmanskiy Covcneltys [April 16 | 7,0] 6,57| 0,38] 6,18] 0,82) 0,46 |0,48] 8,80 
Usmanka River [oo cgsforest | APTiL 15 | 7/5] 5,48] 0,43]13,90| 0,44] 0,17 |0,27| 2,37 


Note: Comma represents decimal point. 


percolation water from the plots in 1957 
coincides with its highest amount in the water 

of the streams. The same is true of the highest 
content of calcium and potassium in 1956. In 
1959 and 1960 the amount of silicon in the 


percolation water from plots and in the streams 
increased, 


Stream water, fed from watersheds covered 
with various forests, differed essentially in 
calcium content. The water of streams with 
pine-covered watersheds was poor in calcium 
and had a more acid reaction than the water 
of streams fed from watersheds occupied by 
oak forests. The water streams from water- 
sheds covered with aspen occupies an inter- 
mediate position, The reason for this differ- 
ence is that more calcium is drawn into the 
biological cycle by an oak forest than by a 
pine forest. The reasons for the lesser re- 
moval of calcium from watersheds occupied 
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by aspen is not clear, since the litter of an 
aspen forest has a somewhat higher calcium 
content. 


The water of the Usmanka River is poorer 
in calcium than the water of streams in the oak 
forest, but richer than the water of streams 
in the pine forest. We must consider that the 
upper reaches of the Usmanka River lie 
partly in the steppe belt. Even though snow 
melting begins earlier in forest-free water- 
sheds, they still have a certain effect on the 
composition of the water in the Usmanka River 
during the snow melting period in the forest. 


We can see from the foregoing material that 
the nature of the forest litter formed in various 
forests affects not only the properties of 
soils developing in a forest, but also the com- 
position of soil water feeding forest streams 
and rivers, and by the same token the composi- 


DECOMPOSITION OF FOREST LITTER 


tion of larger rivers. This relates the biologi- 
cal cycle of elements under various vegetation 

to the wider problem of the large geological cycle 
of substances in nature. 


Conclusions 


1, The annual amount of foliage and litter in 
an oak forest undergoes considerable fluctua- 
tions depending on the weather conditions in 
individual years. Together with this the amount 
of nitrogen and ash elements entering the soil 
by way of leaf-fall changes. 


2. The leaching of individual elements re- 
leased during the decomposition of the litter in 
an oak forest takes place in the following 
order: Fe< Al< Six Cax< Mg=N<P< kK. 


3. Part of the foregoing elements is selective- 
ly absorbed by living organisms and the solid 
phase of the soil during their percolation through 
the soil. The order in which the elements are 
removed by percolation differs from their order 
of removal from the forest litter. Potassium 
and phosphorus are especially clearly retained 
in the soil. 


4. The water of streams having watersheds 
occupied by various types of forests differs 
considerably by content in dissolved salts. 
The water of streams fed from watersheds 
occupied by oak and aspen forests are richer 
in calcium salts than the water of streams 


el 


with pine-covered watersheds. 


5. The characteristics of the biological 
cycle of elements under various types of 
vegetation affect the composition of dissolved 
compounds in river waters, and, consequently, 
the large geological cycle of substances in 
nature. 


Received March 21, 1961 
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MOVEMENT OF COLLOIDAL AND CLAY PARTICLES IN SOILS 


(Problem of Leaching and Podzolization) 


N. L GORBUNOV, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


We determine the movement of highly dis- 
perse particles in soils developed on homo- 
geneous parent material from the formation of 
horizons rich and poor in clay, from white 
powdering and concretions, from the presence 
of optically-oriented clay in the pores (30, 31, 
46, 52,60), and from the presence of colloids 
in lysimetric solutions. 


Movement takes place in one case in the 
form of true solutions, in other cases in the 
form of colloids and suspensions. The chemi- 
cal composition of the moving substance may 
be mineral, organic, or organo-mineral. 


The problem of whether the movement of 
highly disperse particles in gay forest soils, 
brown forest soils, and sod-podzolic soils 
takes place with or without the particles being 
decomposed has recently been discussed in 
special journals and at meetings of soil sci- 
entists (10, 23, 32, 45, 46, 53, 55, 57-68). The 
first category of processes is called lessivage 
(59, 60) (illimerization, clay removal) (53), the 
second, podzolization. As pointed out by 
Duchaufour, these processes are genetically 
related to each other, whereby the movement 
of clay without being decomposed is the primary 
stage of subsequent decomposition. Certain 
authors suggest that soil be classified accord- 
ing to the degree in which these processes 
are expressed. This suggestion has not been 
generally accepted and for good reasons: the 
objective evidence for distinguishing these 
two processes is debatable, and in a number 
of cases, insufficient. Later we will critically 
examine this evidence, 


History oi the Problem 


As we know, minerals do not only form 
and modify in the soil, but they are also being 
decomposed and moved. The movement of 
fine soil particles had been studied a long time 
ago, whereby Russian soil scientists contributed 
considerably to its clarification and substantia- 
tion with experimental data, 


__V.V. Dokuchayev (9) separated podzolic soils 
into an individual group according to morpholog- 
ical indices, which gave reasons to believe 

that the fine particles in these soils move 

from the upper into deeper horizons. A con- 
temporary of Dokuchayeyv, Geogiyevskiy (9), 
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believed that this movement is accompanied by 
the decomposition of clay particles. The 
latter opinion was then developed by many 
Russian scientists. 


N. M. Sibirtsev (42) pointed out that an 
acid decomposition of soil occurs on podzoliza- 
tion as a result of biochemical processes and 
that the products of this decomposition are 
being removed downward along the profile. 
Glinka (11,12) did not attach any importance 
to the decomposition of soil particles at first, 
but in his last work (12) he wrote on the basis 
of his own observations and the experiments of 
Gedroyts (7) that: "the processes of leaching 
and illuviation of colloids and suspensions 
play an essential role in podzol formation, while 
acid decomposition is only an accompanying 
process" and further: "In our opinion, the 
powdering (we mean the powder at the surface 
of aggregates and its related whitish podzolic 
horizon — NH) is very fine quartz sand which 
remains at the surface of clay blocks after the 
finer clay particles and iron hydroxides have 
been removed from this surface" (12, p. 366). 


I. V. Tyurin (48) notes the breadth of K. D. 
Glinka's views in which he recognizes the move- 
ment of colloids with and without decomposition. 


K. K. Gedroyts showed soil formation from 
the physicochemical point of view, stressing the 
phasic nature of this process. In his opinion, 
the hydrogen ion of the solution displaces ex- 
changeable cations, which leads to the disper- 
sion and decomposition of the adsorption com- 
plex, while the decomposition products move 
downward, 


K. K. Gedroyts wrote about the decomposi- 
tion of the adsorption complex by water: "In 
order to avoid confusion I must explain what 
I mean here under the "decomposition" of the 
adsorption complex of the soil. If the magni- 
tude of the adsorption complex of the soil de- 
creases for any reason, I say that the adsorp- 
tion complex of the soil is being decomposed. 
But this decomposition can take place in two 
ways: the adsorption complex may be removed 
from the soil as such, and its amount in the 
soil will naturally decrease; on the other hand, 
water may cause decomposition, by breaking up 
the complex compounds into simpler compounds 
and then removing them uniformly or in various 
ratios, or by removing one and not removing the 
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other products of the decomposition of the ad- 


“"-+ 


sorption complex" (7, p. 358). Consequentl 
Glinka and Gedroyts recognized the een 
of fine soil particles with and without decom- 
position. In a work, devoted to the formation 
of solonetzes and solods, Gedroyts again ex- 
plains in detail his point of view about the de- 
composition of the adsorption complex, as we 
can see from the following: ''The leaching 

of humus and the decomposition of alumino- 


_Silicates of the core of the adsorption complex 


in solonetzes and solonetzic soils under the in- 
fluence of leaching the soil by atmospheric 
waters finally leads to a new soil formation, 
which in certain cases is morphologically 
similar to podzolic soils with one or the other 
degree of podzolization" (7, pp. 471). 


In the opinion of Vil'yams (6), soil is being 
decomposed during podzol formation under the 


influence of crenic acids, which form from 


forest litter as it is being decomposed by fungi. 
Extensive experimental data were obtained 


_ by soil scientists in the simulation of the 


movement of colloids, as well as in the study 
of the chemical nature of concretions forming 
in sod-podzolic and other soils (1, 25, 26, 30, 
and others). 


In 1921, M.M. Filatov (50,51) made experi- 
ments on the movement of iron and aluminum 
hydroxides to explain the rate of movement of 
ortsand in sand deposits and also to determine 
the role of mineral and organic substances in 
the process. The laboratory experiments of 
the author were accompanied by field observa- 
tions. 


A similar series of experiments was made 
at the same time by Tyuremnov (46). Basing 
himself on the opinion of Sibirtsev that soil 
formation is the result of the influence of 
humic acids on parent material, he studied 
the influence of acid solutions on the change 
in soil texture in order to explain the causes 
for the formation of the eluvial horizon in 
podzolic soils. 
Tyuremnov came to the conclusion that there 
are two processes: the movement of particles 
and their decomposition. 


Gemmerling (8) studied ortstein (concretions) 


in podzolic soils in detail. He established a 
difference between the chemical composition 
of concretions depending on their size and 
formation conditions. In addition to concre- 
tions, Gemmerling studied the texture and 
chemical composition of coatings of structural 
units of the soil. The coatings differ chemi- 
cally from ortsteins in that they have a higher 
content of iron, manganese, and humus, i.e., 
a number of elements accumulates in these 
formations. 


Ye. V. Arinushkina (4) conducted extensive 
research on ortsands, determined their chem- 
ical composition and the composition of sub- 
stances removed in the Tamm and Schlesing ex- 
tract. One of the important conclusions de- 
rived from the work of Arinushkina is that 
ortsands contain free sesquioxides and silica, 
which have apparently accumulated as a result 
of the decomposition of soil minerals. At the 
same time, the small amount of silicate forms 
of silica, sesquioxides, calcium, magnesium, 
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As a result of his investigations, 


and other elements in these new formations 
indicate the presence of a large amount of un- 
decomposed minerals. Thus, we can assume 
that there are two simultaneous processes: 

the movements of soil particles with and without 
decomposition. It is also important to note that 
iron, aluminum, and silica accumulate in the 
ortsands of podzolic soils, while there is no 
accumulation of manganese, phosphorus, and 
sulfur. As we know, manganese, and some- 
times phosphorus and calcium accumulate in 
other soils (26). 


The interest in the study of ortsteins and 
similar new formations has not weakened to 
our day (17, 20, 24, 25, 30, 31, 33, 41), since 
new formations serve as evidence and indica- 
tors of the decomposition and movement of 
particles, of the intensity of soil formation, 
and its direction. 


Formation of Concretions and their 
Composition 


Ground or surface waters play a consider- 
able role in the formation of concretions. Iron, 
manganese, aluminum, organic compounds, 
as well as clay minerals may be contained in 
them in a dissolved or colloidal form. Under 
favorable oxidation-reduction conditions solu- 
ble ferrous iron compounds are being oxidized 
by the oxygen of the air, change to oxide com - 
pounds, i.e., less readily soluble forms, 
and therefore precipitate and sometimes form 
concretions. Concretions may form either 
during the periodic movement of water down- 
ward along the profile or during the lateral 
movement of water, or, as assumed by Nogina 
(29), during the upward movement of solutions. 
The difference in the conditions of formation of 
concretions determines the difference in their 
composition. As arule, all concretions contain 
a considerable amount of silicic acid, aluminum 
usually occupies the second place, then iron 
manganese, and the other elements (Table 1. 
Concretions are often rich in organic substances. 
The presence of a large amount of silicate acid 
(50%-80%) indicates that concretions contain 
primary minerals (including quartz) and 
secondary minerals. The ratio between the 
amount of iron and aluminum varies, but the 
former rarely predominates over the latter. 

If we consider that the atomic weight of 
aluminum is smaller than that of iron, then 
there is almost always more aluminum than 
iron, when reduced to equivalents. This is 
attributable first of all to the fact that aluminum 
exists in the ionic form at a pH of <5.0 and 
iron oxide at a pH of <3.5, and secondly to 

the fact that there is more aluminum in many 
minerals and soil than iron. 


The concretions consist of a mixture of 
clay and non-clay minerals, and also of 
amorphous and hydrophilic substances, in 
particular sequioxides and humus. The thermo- 
grams given below (the large area is that of 
the first endothermic effect) substantiate this 
opinion rather conclusively (Fig. 1) 


Decomposition Rate of Minerals 


The chemical and mineralogical composition 
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- Thermograms of concretions and new formations. 


] - iron hydroxide gel, Yakhroma River flood plain; 2 - 
concretions from meadow soil, Klyaz'ma River, Profile 
202, Apnlowed 26-37 cm, diameter of concretions 3-5 mm; 

3 - same, Klyaz'ma River, Profile 202, A,jowed 26-37 


cm, diameter of concretions 


<5 mm; 4 - concretions 


from gray-brown forest soil in a flood-plain oak stand, 


Profile 12, Vladimir Oblast'; 


273, 50-60 cm, Vietnam. 


of concretions shows that they contain the de- 
composition products of soil minerals. The 
causes for the decomposition of minerals are 
varied. The rate of these processes depends 
on the quantity and forms of organisms, the 
reaction of the medium, oxidation-reduction 
conditions, temperature, the water and 
aeration regime of soils, etc., but an especial- 
ly important role is played by the crystallo- 
chemical nature of the minerals, the degree 
of their dispersion and crystallization, and the 
combination of minerals. 


Ye. I. Parfenova and Ye. A. Yarilova be- 
lieve that large soil particles, i.e., primary 
minerals, are subject to more intense weather- 
ing than fine particles, i. e., secondary min- 
erals (32), whereby they refer to their labora- 
tory experiments to substantiate their opinion. 


The stability and decomposition of minerals 
must be examined in close relation to 3 groups 
of causes: 1) internal, i.e., determined by the 
structure, composition, and properties of the 
minerals themselves; 2) external, determined 


by bioclimatic conditions under which the minerals 


exist; and 3) the state of the minerals, i.e., 
their dispersion, combination with other min- 
erals, etc. It is not enough to divide minerals 
according to their stability depending on whether 
they belong to coarsely or finely-dispersed 
minerals or whether they are primary or 
secondary minerals, 
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6 - laterite, Profile 


Let us give you a number of examples to 
illustrate the foregoing. As we know, the 
solubility of calcite depends on the concentra- 
tion of carbon dioxide in water, while carbon 
dioxide has little effect on the solubility of 
other minerals. The solubility of minerals 
in acids depends greatly on their properties 
and dispersion. According to our data 
muscovite, kaolinite, halloysite, and 
montmorillonite, ground to a roentgenographi- 
cally amorphous state and then treated with 
0.2 N hydrochloric acid, showed a differing 
solubility. We found 66% of the total content 
of aluminum oxide in halloysite, 37% of its 
content in kaolinite, and more than 90% of 
its content in montmorillonite in hydrochloric 
acid extracts. These experiments indicate 
the tremendous importance of the dispersion 
of minerals and their nature. 


The stability of minerals in relation to 
their properties also varies under the influence 
of water. Thus, potassium can be removed from 
muscovite with water, as a result of which it 
changes to hydromica. The effect of water or 
quartz or goethite (Fe,O,°H,O) is insignificant 
at a neutral reaction. Kaolinite, gibbsite, 
and many other minerals behave similarly. 
Our experiments showed that the solubility 
of minerals depends also on the nature of acids. 
For instance, kaolinite decomposes less readily 
in hydrochloric acid than it does in sulfuric 
acid, while the opposite is true for montmorillonite, 
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It is well known that under similar condi- 
tions calcium feldspar weathers more rapidly 
than potassium feldspar. Under similar con- 
ditions granite is more stable than basalt. Hy- 
dromicas are rather rapidly decomposed in 
podzolic soils, while the same hydromicas are 
preserved in sierozems (under dry conditions) 
and are found in predominant amounts in their 
clay fraction. 


The decomposition of primary minerals is 
most pronounced in laterites, besides quartz. 
If these soils develop on basic rocks there 
are little primary minerals left in them, while 
kaolinite, goethite, and gibbsite are left 
among secondary minerals. Laterites, de- 
veloped on acid rocks (granites), always con- 
tain quartz (in considerable amounts), and 
sometimes potassium feldspars. Feldspars 
and micas are always present in the majority 
of other soils, which points to their stability 
under these conditions. 


Thus, all the facts indicate that the de- 
composition of primary and secondary min- 
erals depends on many factors, and therefore 
one and the same primary or secondary min- 
eral can be resistant or not resistant to de- 
composition, Biological processes play an 
important role in the decomposition of primary 
minerals and the formation of secondary min- 
erals. This was especially considered by V.I. 
Vernadskiy and B. B. Polynov. However, they 
were not able to study the composition of newly- 
formed minerals in detail and the results of 
X-ray investigations conducted at the request 
of Polynov were put under doubt by him (35, p. 
405). New data on the formation of secondary 
minerals from primary minerals, depending 
on time and the weathering conditions of the 
latter, have been obtained recently from X-ray 
thermal, and electron-microscope investiga- 
tions (14, 16,44). These and other data indicate 
the following scheme of mineral transforma- 
tions: primary minerals (feldspars, micas, 
etc. ) -hydromicas ~ montmorillonite, beidellite 
~ kaolinite — halloysite — goethite, gibbsite. 

It is only natural that there could be consider- 
able deviations from this scheme under particu- 
lar soil conditions, 


Evidence of the Movement of Colloids and 
Clay with and without Decomposition 


In order that colloids and clay be able to 
move in the soil they must be in the form of a 
sol or highly swollen gel. Polarizing clay 
represents one of these states, Soil drying 
and freezing increases the concentration of 
coagulant ions in the solution, lower the 
charge and hydration of colloids and thus 
lower the mobility of clay. The most hydro- 
philic, highly dispersed minerals, such as 
montmorillonite, allophane, certain hydromicas, 
organic substances, freshly precipitated silica, 
etc. move more rapidly than hydrophobic min- 
erals under the same conditions, The latter 
usually move under the protection of hydrophilic 
minerals. For instance, sesquioxides, the 
minerals of the kaolinite group, quartz parti- 
cles, etc., acquire mobility under the protec- 
tion of organic substances and such hydrophilic 
Ons cay as montmorillonite and allophanes 

nd) ° 
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One may find that substances moving in soils 
change from the colloidal state into a true solu- 
tion or vice versa. For instance, bivalent iron 
may exist in solution when the pH is wide and 
move together with surface and ground waters. 
If the solutions find themselves under oxidizing 
conditions, bivalent iron changes into trivalent 
iron and precipitates in the form of a hydroxide 
gel, When oxidizing conditions are replaced by 
reducing conditions, the colloids may change 
again into a true solution, 


Foreign soil scientists (59, 60, 62, 63, 
etc.) have suggested the following indices for 
distinguishing the movement of highly disperse 
particles with and without decomposition: 


1. The movement of colloids and clay without 
decomposition is detected by the presence of 
optically-oriented clay, which is allegedly ab- 
sent in soils where decomposition takes place. 


2. If there is no decomposition, the chemical 
composition of the clay fraction should be con- 
stant in various layers of the profile, and vary 
if decomposition takes place. 


3. If there is not decomposition, the mineral 
composition of highly dispersed soil particles 
should be similar in all horizons of the profile, 
and differ if decomposition takes place. 


Let us examine each of these indices. 
Polarizing clay consists of oriented clay min- 
eral crystals. The orientation of clay minerals 
is a property governed by their layered struc- 
ture and lamellar form. A water medium pro- 
motes the oriehted arrangement of clay mineral 
crystals, which serves, as we know, as the 
basis for the preparation of samples for X-ray 
analysis. X-ray patterns of oriented samples 
give brighter reflections from basal planes, 
which is important for the interpretation of X- 
ray photographs. Oriented samples may be 
obtained artificially by allowing the suspension 
to settle; a similar phenomenon, i.e., the or- 
ientation of clay, takes place in soil pores when 
they fill with water. 


The presence of isotropic particles in 
polarizing clay, such as the decomposition 
products of colloids, cannot always be detected 
under the microscope, since they are masked 
by oriented clay. From this it follows that 
the presence of polarizing clay does not always 
prove the absence of the decomposition products 
of minerals, Certain authors believe that 
polarizing clay is a monomineral formation, 
for which there is not sufficient proof, in our 
opinion, since we have no reason to ascribe to 
this formation the name of a new, formerly un- 
known clay mineral — polynite (32) and try 
to calculate its chemical formula. Oriented 
clay is most probably a polymineral formation, 
consisting of highly disperse minerals and an 


ScnenS of amorphous substances, including 
umus, 


_ The mineralogical composition of polariz- 

ing Clay must be the same as that of the general 
highly disperse portion of the soil. According 
to our data, sod-podzolic, gray and brown forest 
soils and solonetzes, developed on fine earth 
parent material or when they are not subject to 
intense leaching, usually contain minerals of 
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the montmorillonite group, mixed or in other 
combinations with hydromicas and sometimes 
with amorphous colloids. If, however, such 
soils develop on igneous rock or are subject 
_ to intense leaching they usually contain a con- 
siderable amount of minerals of the kaolinite 
group. Since kaolinite is a hydrophobic 
mineral, in order to flow and be oriented, 
the clay containing kaolinite must have protec- 
tive hydrophilic colloids, whereas no protec- 
> tive colloids are necessary for montmorillonite 

and analogous minerals, since they are hydro- 
philic and highly disperse themselves. In 
principle, the movement and orientation of 
clay minerals takes place in almost every 
soil (27). This is also substantiated by labor- 
atory experiments during the washing of soil 
with water (57). Drying, freezing, and the 
presence of coagulant ions in the soil inter- 
fere with the formation of oriented clay. 


Let us examine another index — the chemi- 
cal composition of the clay and colloidal frac- 
tions. Certain investigators believe that 
leaching and podzol formation can be distin- 
guished by a comparison of the chemical com- 
position of the highly disperse fraction of the 
upper and lower soil horizons, This opinion 
is based on the fact that minerals in the A, 
horizon break up during podzol formation, while 
new secondary minerals of a different chemical 
composition form in the lower part of the profile 
from the products of this decomposition. Only 
a mechanical movement of disperse particles 
without decomposition occurs during lessivage. 


Infact, a number of works (5, 10, 28,53) show 
a difference in the chemical composition of clay 
and colloids in individual soil horizons, especial- 
ly as far as iron, aluminum, and silica are con- 
cerned. It would seem at a first glance that 
this is a very reliable sign, but in practice we 
will often find such cases when the clay frac- 
tion is similar in its chemical composition 
at various depths in sod-podzolic soil. Sucha 
contradiction can be explained in the following 
way. First of all, the decomposed portion of 
clay and colloids is often a small fraction of 


the non-decomposed portion and therefore a 
change in chemical composition cannot always 

be detected. This opinion is substantiated not 
only by similar chemical composition, but also 
by thermograms and X-ray patterns of colloids 
or clay removed from samples taken from 
various depths of the profile. When a consider- 
able decomposition of minerals takes place, 

the lines of X-ray patterns become diffuse, 
background shadowing increases, and new 
effects appear on the thermograms or the tem- 
perature and form of the heating curve change. 
Secondly, the non-decomposed part may move 

at the same speed together with the decomposi- 
tion products. In this case the total chemical 
composition of the clay and colloidal fractions 
does not change or the changes are hardly no- 
ticeable. It is especially difficult to detect 
changes in chemical composition in fine-textured 
soils, since the products of decomposition move 
more slowly in them or stay in place. As we can 
see from Table 2 the chemical composition of the 
clay fraction of a fine-textured soil from the 
Moscow Oblast' changes little with depth, even 
though morphological indices and the data on the 
texture and chemical composition of the soil 

as a whole leave no doubt that podzolization 

and the decomposition of clay minerals take 
place in this soil. 


It is easy to imagine such a case when a Soil, 
in which clay and colloid move without being 
decomposed, could be mistakenly related to 
podzolized soils. Let us assume that a soil 
contains two minerals differing sharply in this 
dispersion and chemical composition, such as 
montmorillonite and kaolinite. The first mineral, 
being more hydrophilic and more finely dis- 
persed, would move more easily downward, 
while kaolinite, being coarsely disperse and 
hydrophobic, will stay in place. Asa result, 
montmorillonite will be concentrated at a 
certain depth, while kaolinite will be found 
above it. Since the SiO,:R,O, ratio in mont- 
morillonite is equal to 4 and in kaolinite it is 
equal to 2, the total chemical composition will 
show a noticeable difference in the content 
of silica and aluminum at various depths, even 


Table 2 


Total chemical composition of the soil as a whole and of the fraction < 0.001 mm in diameter, 
/ of ignited sample 


Soil ae iee SiO, | ALOs 
Sod-podzolic on | Ay O— 10 | 80,1) 9,7 
boulder clay loam, A 4 37h | Fed VCO) be O53) 
negiri, Moscow Bi 39 47 178, 6|11,7 
1 ted B.  48— 5G |76,7/11,6 
B,/C 100—110 | 74.5)13,2 
Same, fraction O=eA On 54912658 
<0.001 mm in DQ ie O4aa i205. 
seated 39— 47 | 53,1/26,0 
48— 56 |53,8/27,5 
£00110 -b5a;2|28, 


Note: Comma represents decimal point. 
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Fe,0, | Ca0 | MgO | K,0 | Na,0 en 
ni! diam % 
3,08 | 0,58} 1,37) 1,99}0,88} 11,6 | 12,4 
ONO On mZel 1 OS Osoo died | taye 
4,17} 0,45} 1,32] 1,98}0,77] 9,3 | 19,8 
4,830,594 (94) 2,00) 0,77, 9,0 | 22,2 
593 05591163) 1.77.0, 71 (fA) aA 
Oe, >, 50] 2,30 0,22] 2,69 os 
13,31 0,90| 2,52) 2.4410,22| 2.65] — 
13,910,841 2,81] 2,04)0,18] 2,64 — 
43-9 |41,03} 2783/1, 05) 0,16.) 2,49 — 
11,9 | 0,32) 2,75) 1,85) 0,16} 2,62 — 
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100 
560 


110 


Fig. 2. - Thermograms of fractions <0.001 mm in di- 
ameter, separated from sod-podzolic soil. Sod-podzolic 
soil on a moraine, Snegiri, Moscow Oblast'. 


though it is caused by the movement of minerals grams which showed that montmorillonite moves 
of varying chemical composition without de- more rapidly than other, less disperse min- 
composition. We have often obtained thermo- erals. 


530 


Fig. 3. - Thermograms of fractions < 0.001 mm in di- 
ameter, separated from brown forest soils of the 
Krasnodar Province, 

A - Profile 5A. Brown forest soil on clayey shale. 
1-4-12 cm; 2-110-120 cm. B =- Profile 1373. Brown 


forest soil on shaly cla - ; 
y. 3 -2-10 cm; 4 -20-26 cm: 
5-110-120 cm. a 
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_ It is not always possible to detect a difference 
in the mineralogical composition of clay and 
colloids removed from various depths in sod- 
podzolic soils, since the thermographic and 
X-ray methods are not quantitative yet. To 
illustrate the foregoing, we present several 
thermograms of the clay fractions of a soil 
from the Moscow Oblast' (Fig. 2). The 
thermograms are similar for all depths of the 
profile and indicate the presence of minerals 
of the montmorillonite groups with an ad- 
mixture of hydromica, amorphous substances, 
and, possibly, a small admixture of kaolinite. 
Only the thermogram of the sample taken at 

a depth of 100-110 cm differs somewhat in that 
hydromicas predominate in it, which is possi- 
bly associated with a different mineralogical 
composition of the parent material. 


Since the decomposition products of min- 
erals and the decomposition of plant residues 
(R,O,, SiO,, and their mixtures) are usually 
amorphous, they can be detected by a combina- 
tion of mineralogical and chemical methods. 
Amorphous substances give a thermal effect 
at 100°C on the thermograms because of the 
separation of hygroscopic water. Amorphous 
substances increase background shadowing on 
X-ray photographs, These features must be 
taken into consideration when judging the 
decomposition of minerals. The chemical 
method must also be used. As we know, the 
solubility of non-silicate sesquioxides and 
amorphous silica is higher than that of cry- 
stallized minerals (13, 14, 15). 


Among the common solvents we can name 
the Tamm, Deb, and Jackson reagents. Our 
investigations showed that the Tamm reagent 
dissolves only part of the non-silicate ses- 
quioxides. If three consecutive extracts are 
made, amorphous sesquioxides dissolve al- 
most completely. The crystalline forms of 
sesquioxides hardly dissolve and they can be 
detected thermographically and partly by the 
X-ray method(13). To illustrate this, let us 
show you several thermograms (Fig. 3) of 
clay fractions extracted from brown forest 
soils of the Krasnodar Province (samples of 
A.L Romashkevich), We can make certain 
important conclusions on the basis of these 
thermograms, as well as from X-ray patterns 
and chemical analyses which we do not include 
here. First of all the decomposition of min- 
erals takes place in both soils. This is evi- 
denced by the characteristic endothermal effect 
of crystalline sesquioxides at 250°C in samples 
at a certain depth and its absence in samples 
taken from the surface. The non-silicate 
sesquioxides found could have formed only as 
a result of the decomposition of minerals. 
Secondly, the mineralogical composition of the 
clay fraction differs over various parent 
materials. Minerals of the montmorillonite 
group, as well as an admixture of hydromica 
and amorphous substances, predominate in 
Profile 5A. Judging by the sharp thermal 6 
effects in the region at 530°C and 940°-950°C, 
kaolinite is present in Profile 1373, while mont- 
morillonite mixed with hydromicas (effect at 
840°C) is present at a depth of 110-120 cm. 
The presence of the latter minerals at a depth 
of 110-120 cm can be explained by the iluviation 
of highly disperse minerals from above. Cer- 
tain investigators believe that new minerals 
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form in situ at a certain depth, i.e., as a result 
of internal weathering (40). It is possible that 
both processes take place simultaneously. 


An important sign of the movement of clay 
and colloids in soils is the presence of silica 
powdering at the surface of aggregates. The 
A, horizon of podzolic soil has probably the 
same mineralogical composition as the powder- 
ing which is found in podzolized chernozems, 
gray forest soils, solonetzes, and solods. 


Various opinions are found in the literature 
on the genesis of the powdering and whitish 
horizons (6, 11, 12, 20, 22, 33, 36, 37, 39, 47, 49). 

In his last works, Glinka (11) expressed the 
belief that the whitish powder consists pri- 
marily of quartz and is the result of the 

removal of colloids and suspensions into 
underlying horizons. Gedroyts (7) explained 

the formation of the powdering by the decomposi- 
tion of the adsorption complex and the subsequent 
removal of the decomposition products, whereby 
he thought that the agent of decomposition in 

acid soils is hydrogen, while in solonetzes it 

is sodium. Having studied the powdering in 
solodized soils, Tyurin (47) came to the con- 
clusion that the explanation of Gedroyts is 
inadequate, since in addition to the chemical 
decomposition of the soil, silica accumulates 

at the expense of phytolitharia, i.e., silicon 
bodies forming in plants. 


In the opinion of Zonn (22) and Remezov (36, 
37) the powdering on the faces of structural 
units forms as a result of the decomposition 
of forest litter and the release of silica in 
the form of phytolitharia contained in plants. 
Rode and Feofarova (38) studied the mineral 
composition of the powdering in forest-steppe 
soils in detail and found that it consists pri- 
marily of quartz, feldspars, and clay aggre- 
gates. In addition, it contains admixtures of 
other primary minerals and phytolitharia. 


In summarizing the foregoing views we may 
conclude that silica powdering consists pri- 
marily of quartz and other primary minerals. 
At the same time it contains amorphous silica 
(usually in small amounts), which is the result 
of its biological deposition, in particular, by 
phytolitharia. 


We investigated the mineralogical composi- 
tion of the podzolic and solodized horizons 
of various soils (Table 3). At the same time 
we made alkaline extracts (according to 
the Gedroyts method) in which we determined. 
silica and alumina. Since not only amorphous 
silica, but partly crystalline silica are dissolved 
in alkaline extracts, we also made extracts from 
amorphous silica, certain minerals, and quartz 
(ground to various degrees) (Table 4). 


Certain conclusions can be made on the 
basis of data presented in Table 4. Firstly, 
amorphous silica dissolves more readily 
than quartz. The solubility of quartz in alkali 
depends greatly on the degree of dispersion and 
reaches values which are considerably higher 
than those obtained when determining amorphous 
silica in soils by the Gedroyts method. The 
solubility of clay minerals in alkali is close to 
that of ground quartz. Marine algae may 
contain up to 50% silica which is removed in 
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Table 3 


Mineralogical composition of whitish horizons and powdering according to microscopic data 


Objects of investigation 


Mineralogical composition 


. Whitish horizon of podzol on granite 
eluvium. Yakutia 


Same from strongly podzolic soil. 
Iksha, Moscow Oblast' : 
Same from strongly podzolic soil. 
Yartsevo, Smolensk Oblast' 

. Powdering from solodized solonetz. 
Shadovsk 


. Powdering from solod. Khartobad', 
Hungary 


Quartz predominates, other primary min- 
erals are present, and there is some 
phytolitharia and clay trier! 

Quartz predominates, there is little 
phytolitharia and clay 

Quartz predominates 


Quartz predominates, admixture of ortho- 
clase, phytolitharia, and clay particles 
are present i 

Quartz predominates, there is a consider- 
able amount of phytolitharia 


Table 4 


Solubility of quartz, amorphous silicon oxide, minerals, and soils in 5% alkali, according to 
the Gedroyts method 


Found in the extract 


in % of sample Ratio of 
sample to 
Substance zi 
SiO; Al,Os solution 
1. Quartz, grains 1-0.2 mm in diameter 1,4 — 4: 100 
2. Quartz ground for 1 hr. 3,98 = 1: 100 
3. Same, ground for 3 hrs. 8,93 piss 4:100 
4, " " ; 8,43 — 4 2 20 
5. Amorphous SiO, 88,2 = ‘bean ALU) 
6. Montmorillonite (askanite) 1,66 — hay 
7. Muscovite, particles 0.1-0.5 mm in diameter 0,58 ee 4: 20 
8. Kaolinite 4,23 — 1.5920: 
9. Powdering from solod. Shadovsk ATT 0,16 4: 20 
10. Powdering at the surface of solodized solonetz. 
Skadovsk 0,82 0, 14°) yee 
11. Powdering in solod. Askaniya-Nova 1,89 0,29 te 
12. Strongly podzolic horizon, Podushkino, Moscow 
Oblast' 1,30 0,48 5 Pp 
13, Podzol on granite, A, horizon. Yakutia 0,49 0,22 di 20 
14, Strongly podzolic, A, horizon, Profile 6, Smolensk Obl! 1 372 0,42 4: 20 
15. Suspension of marine algae, sample No. 17 46,6 1,03 15520 
16. Marine clay, fraction <0.001 mm in diameter 5,40 2,18 4: 20 
17. Solubility of silica gel in water at 50%, accord. to Ayler 0,02. = 
18, Same, quartz at <150°C Insi mii - 
19. Same, quartz at >150°C “8004 a 
’ 


Note: Comma represents decimal point, 


an alkaline solution (sample No. 17). 


The whitish powdering in solonetzes and 
solods contains an insignificant amount of 
amorphous silica and therefore there is less 
of it in the alkaline extract than in an extract 
of ground quartz, algae, marine clay, and, 
especially, in an artificial preparation of 
amorphous silica. Consequently, if 
amorphous silica or phytolitharia are present 
in the powdering, it is difficult to determine 
their amount by means of extracts. It is 
better to use the microscopic method or this 
method in combination with chemical and 


thermographic methods for this purpose. In 
light of the foregoing data the powdering and 

the whitish soil horizons are an evidence of clay 
removal, 


Lysimetric investigations are of great im- 
portance for the detection of the decomposition 
of minerals. As we know, Vil'yams (6) de- 
termined the formation of various organic 
acids and their movement in soils by lysimetric 
investigations. Later, lysimetric investigations 
were used for various purposes (17, 18, 37, 43, 
54, and others), By studying true and colloidal 
solutions entering the lysimeter we can determine 
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Fig. 4. - a - mobile polarizing clay filling the pores. 


zolic, sandy loam soil. 
times, nichols 11); 
pores, BgC horizon, 


Strongly pod- 


Zvenigorod Biological Station (magnified 70 
b - mobile, polarizing clay on the walls of the 
92-102 cm, strongly podzolic, sandy loam soil. 


Zvenigorod Biological Station (magnified 70 times; nichols 11). 


the number of substances moving in the soil 
during a given time interval, their chemical 
composition and the form of the compounds. 


Smirnov's (43), and Gradusov's and Dzyade- 
vich's (17) analyses of lysimetric solutions, 
obtained from strongly podzolized sandy loam 
soil under green moss pine forest (Biological 
station of Zvenigorod, Moscow State University), 
showed that the movement of sesquioxides in 
this soil takes place primarily in the form of 
very highly disperse organo-mineral colloids. 
The migration rate of individual elements, 
expressed in weight percentage relative to the 
total content in the soil, follows the series: 


K > Ca> Mg> Si> Fe = Al 


The large amount of sesquioxides and 
silica entering lysimetric solutions indicates 
that alumino-silicates are being decomposed. 
This is also evidenced by the fact that the 
amount of hydromica decreases and that of 
kaolinite increases in the clay fraction of the 
soil, Thermographic and X-ray investiga- 
tions, as well as the insignificant amount of 
total potassium serve as certain proof of the 
decomposition of hydromica. 


Polarizing clay, the coatings of which are 
visible on the microphotographs (Fig. 4), 
moves at the same time as minerals are 
being decomposed. Consequently, the removal 
of colloids and clay in strongly podzolized 
sandy loam soil is accompanied by the de- 
composition of minerals, as pointed out by 
K. D. Glinka, K. K. Gedroyts, and others. 


Conclusions 


1, Colloids and clay move in the soil in the 
form of mineral, organo-mineral, and organic 
compounds. The sources for the formation of 
colloids and clay are primary and secondary 
minerals as well as the decomposition products 
of plant and other residues of a biological 
origin. 
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2. As clay and colloidal fractions move, 
secondary (highly dispersed) and primary 
(slightly dispersed) minerals are being de- 
composed. Decomposition takes place in 
several stages, starting with dissolution, the 
replacement of the ions of the crystal lattice 
with the ions of the solution, and ending in the 
formation of amorphous and crystalline oxides, 


3. The movement of colloids and clay is 
determined by the presence in the horizons, 
rich in colloids and clay of soils developed on 
homogeneous parent material, of concretions, 
ortstein, ortsand, silica powdering, and 
other new formations. In certain cases the 
soil is being enriched with clay and colloids as 
a result of their formation in situ. 


4, The rate of decomposition and transfor- 
mation of minerals depends on their crystallo- 
chemical nature, dispersion, and climatic and 
biochemical conditions under which weathering 
and soil formation take place. The opinion that 
primary minerals are less stable than secondary 
minerals is erroneous, 


5. The signs used to determine the movement 
of colloids and clay with and without their de- 
composition, such as the presence or absence 
of polarizing clay, and the homogeneity or 
heterogeneity of the mineralogical and chemical 
composition, are not always reliable. 


6. To determine whether the movement of 
highly dispersed minerals is or is not accom- 
panied by their decomposition we must deter- 
mine non-silicate sesquioxides and amorphous 
silica in soils and lysimetric solutions. It is 
expedient to accompany these determinations 
by investigations of the particle-size, mineralogi- 
cal, and chemical composition of soils as a whole 
and their highly dispersed fractions. 
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CARBON:NITROGEN RATIO IN THE SOILS OF KAZAKHSTAN 


A.M. DURASOV, State University of Kazakhstan 


Many investigators have dealt with the carbon 

to total nitrogen ratio in soils. Tyurin (9, 10), 
Remezov (7), Konova (6), and Bolotina (1) ob- 
tained very interesting material for the major 
soils of the Soviet Union. Vinokurov (2) gave 
analytical data for Siberian soils, Rutskov 

8 for the soils of Central Asia, and Grabarov 
3), for certain soils of Kazakhstan. In addi- 
tion, the author of this article (4, 5) established 
the difference between the C:N ratio in cher- 
nozems of Northern Kazakhstan, the Cis-Cau- 
casus, the Trans-Volga region, and the foothills 
of the Trans-Tli Ala-Tau. 


The foregoing authors emphasize that the 
problem of the carbon:nitrogen ratio is of 
great theoretical and practical importance. 
The carbon:nitrogen ratio serves as an index 
of the characteristics of one or another soil 
group. Moreover, Vinokurov (2) believes that 
the C:N ratio is more or less an index of soil 
quality. The same opinion is expressed by 
Grabarovy (3) who indicates that ''we can judge 
the availability of soil nitrogen to higher plants 
by this value. " 


The majority of the foregoing investigators 
came to the conclusion that the C:N ratio 
narrows from chernozem to the more southern 
chestnut and brown soils, andsierozems, and 
relate this phenomenon to the increasing dry- 
ness of the climate to the south. At the same 
time, C:N data, obtained by individual authors 
for one or another soil, differ greatly from 
each other. For instance, Remezov (7) gives 
an average value of 4.5 for the C:N ratio of 
sierozems; Grabarov (3) gives a much wider 
C:N ratio (7.11) for the same soils, while 
Kononova (6) gives 7.6 for light sierozems. 

In addition, there are great differences between 
the C:N value for virgin and old plowland. Ac- 
cording to Vinokurov (2), virgin lands have a 
narrower C:N ratio than old plowlands, while 
Grabaroy insists that "virgin soils always have 
a wider (C:N, A.D.) ratio than old plowland. "' 


Consequently, we believe that the average 
C:N values obtained by us for the major 
soils of Kazakhstan will supplement the material 
available in the literature, in particular, the 
data of Grabarov (3). As we will see later, 
our conclusions and his do not always agree. 
We believe that one of the essential short- 
comings in the work of Grabarov is that he 
combines chernozems and chestnut soils of 


725 


northern and Central Kazakhstan with the 
chernozems and chestnut soils of the foothills 
of Tian-Shan and Altay mountains according 
to average C:N values. This is not expedient, 
since even though the foregoing soils belong 
to one and the same group, they occur under 
different natural conditions and, therefore, 
greatly differ from each other. 


The present article is based primarily on 
analytical data collected at the Chair of Soil 
Science of the Kazakh State University (headed 
by us) as a result of the work of the members 
of the Chair of Soil Science, as well as that of 
students, when writing their papers. In 
addition, we used all the material published 
on the soils of Kazakhstan, Unfortunately, 
the material proved to be very limited. There 
are either no determinations of total nitrogen 
or these are very limited.+ In most of the 
published works of Kazakh soil scientists, 
devoted to the characterization of the soils of 
Kazakhstan. Therefore, there are much less 
data for regions which we (and also the other 
members of the Chair) did not investigate. 
This is especially true of brown soils and 
takyrs. 


We determined the mean arithmetic data 
on humus, carbon, and total nitrogen and the 
average C:N values separately for virgin 
soils (including those in the forest) and old 
plowland on the basis of the material collected 
on each soil variety. We derived these average 
indices for the upper soil horizons: for the 
sod horizons of virgin lands and the plowed 
layers of plowlands. Let us note that we 
considered only those lands which were plowed 
before the virgin land was reclaimed, i.e., 
prior to 1954, as old plowlands. 


Certain soil varieties which are close to 
each other were combined into one group when 


1As examples we can give you the book of D. M. 
Storozhenko "Soils of the small hills area of Central 
Kazakhstan," Izd. Akad. Nauk DazSSR, 1952; that 
of L.I. Pachikina and M.I. Rubinshteyn "Soils of 
the Kokchetav Oblast!" Izd. Akad. Nauk KazSSR, 
1960; the article by K.Sh. Faizov "Soil and soil 
complexes of the lower reaches of the Emba and 
Sagiza Rivers."' Tr. in-ta pochvovedeniya Akad. 
Nauk KazSSR, Vol. 8, 1958, etc. 
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analyzing the material. For instance, calcare- 
ous and solonetzic chernozems and calcareous 
and solonetzic dark-chestnut soils. We did 
this because the calcareous chernozems and 
dark-chestnut soils for which we have analyti- 
cal material are at the same time solonetzic. 
Of the mountain soils we combined mountain- 
forest, gray forest, and podzolized chernozems 
into one group. We also combined into one 
group mountain soils and very humic and 
moderately humic chernozems. 


* The average data derived by us on the con- 
tent of humus, carbon, total nitrogen, and 
the C:N ratio of the major soils of Kazakhstan 
are presented in Table 1. 


We can see first of all from the data on 
virgin lands that the relation between carbon 
and total nitrogen in the zonal plain soils of 
Kazakhstan narrows from north to south, while 
that for mountain soils, the distribution of 
which is governed by vertical zonality, narrows 
with decreasing absolute elevation. 


Dark-chestnut, non-solonetzic soils deviate 
somewhat from this general pattern. Their 
C:N ratio is somewhat wider than in slightly 
humic, non-solonetzic soils. This is attribu- 
table to the fact that the majority of non-solon- 
etzic dark-chestnut soils of the plains of 
Kazakhstan are coarse-textured (they are 
found primarily along the Irtysh inlet of the 
West Siberian lowland, where coarse-textured 
soils predominate as we know). There are al- 
most no fine-textured non-solonetzic dark- 
chestnut soils in Kazakhstan (except for foot- 
hill soils, which we have considered as a special 
group). Coarse-textured soils are poorer in 
nitrogen than fine-textured soils, so that their 
C:N ratio is wider. 


Very humic, non-solonetzic and moderately 
humic solodized chernozems have the widest 
C:N ratio among the plain soils, while mountain- 
forest and gray forest soils and podzolized 
chernozems have the widest C:N ratio among 
mountain soils, Since all these soils are 
found in a relatively more moist climate than 
other soils, the fact, established by Tyurin 
(9,10), Remezov (7), Kononova (6), Grabarov 
(3) and others, that the carbon:nitrogen ratio 
in soils narrows as the climate becomes drier 
is confirmed by our data. 


As a result, the narrowest C:N ratio is 
found in brown soils, It widens slightly in 
sierozems and takyrs. This is attributable 
to the fact that sierozems, for which we 
have the corresponding material, are found 
primarily in the foothills, where the climate 
is more humid than where brown soils are 
found. As far as takyrs are concerned, un- 
usually they contain little nitrogen, as we 
can see from the foregoing data, and there- 
fore the C:N ratio in them is somewhat higher, 


Our data generally agree with the material 
of earlier investigators, but there is no full 
agreement as far as mountain soils are con- 
cerned. According to our data the widest 
C:N ratio is found in mountain forest-steppe 
and mountain-forest soils and not in cherno- 
zems, 
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If we compare the chernozems of the northern 
part of the Republic with the chernozems of the 
Tian-Shan and the Altay mountains we find that 
mountain chernozems have, on the average, a 
narrower C:N ratio than plain chernozems, as 
we have already noted (4). 


Solodized chernozems have the widest C:N 
ratio among the individual subgroups of plain 
chernozems, while leached chernozems have 
the widest C:N ratio among the subgroups of 
mountain chernozems.@ Solonetzic chernozems, 
including calcareous-solonetzic chernozems, have 
the narrowest C:N ratio. This is directly re- 
lated to climatic conditions, since leached and 
solodized chernozems are found in a more 
humid climate than typical chernozems, while 
solonetzic chernozems are located in a drier 
microclimate, 


The C:N ratio of soils of the meadow group 
narrows somewhat from meadow, meadow-bog 
and meadow-chernozem soils to meadow-chest- 
nut and meadow-sierozem, soils, but generally 
it is wider than in zonal soils among which 
they are found. Especially sharp differences 
in this respect are found in meadow-chestnut 
soils as compared to light-chestnut soils and 
in meadow-sierozems as compared to siero- 
zems. The fact that the differences between 
these soils are sharper than between meadow- 
chernozems and chernozems, is attributable, 
in our opinion, to the following. The moisture 
conditions in the dry steppes and deserts in de- 
pressions, where these soils are found, 
differ more from those of the surrounding areas 
than in the chernozem belt. 


Among saline scils the C:N ratio is some- 
what wider in meadow solonetzes than in 
solonchaks and steppe solonetzes and widens 
considerably in solods and gray solodized soils. 
It is wider in these soils than in the majority 
of zonal soils. Here we can see again the 
direct relation between the C:N ratio and cli- 
matic and microclimatic conditions, since 
solods and gray solodized soils, which are 
found in depressions primarily under forest 
vegetation, develop under conditions of a more 
moist microclimate as compared to the other 
saline soils and the majority of zonal soils. 


The C:N ratio narrows from north to south 
or with decreasing absolute elevation in old 
plowlands, as in virgin lands. This pattern 
is somewhat disturbed in old plowland, as 
in virgin land, because plowed non-solonetzic 
dark-chestnut soils have a wider C:N ratio 
than plowed slightly humic, non-solonetzic 
chernozems, This is attributable, as in the 
case of virgin non-solonetzic dark-chestnut 
soils, to their coarse texture, 


__ AS we can see from Table 1 the C:N ratio 
is in all cases wider in old plowland than in 
the corresponding virgin soils. 


“As we have mentioned earlier (5) there are no 
leached chernozems in the chernozem zone of 
Northern Kazakhstan. The chernozems with little 
effervescence which are encountered there are not 
leached, they are solodized, 


CARBON:NITROGEN RATIO 


Table 1 


Carbon:nitrogen ratio in the soils of Kazakhstan 


Average No. 
Soil Humus|Carbmn|Nitros]| | of 
% ationg 
A. Plain soils 
ery humic, non-solonetzic 
chernozems Virgin land 10,93} 6,33 )0,593] 10,6] 4 
Plowland 6 ; 
ery humic solonetzic pdnbe1 G.1e) 10,610) ttt rie 
chernozems Vive land 10,83} 6,28 |0,615| 10,2] 7 
owland ‘ » . 
Moderately humic, non- HS et Re ed ee : 
solonetzic chernozems Virgin land 7,56] 4,38 |0,427| 10,2 | 414 
; Plowiand 7,42| 4,30 |0,385] 11,1 | 24 
Moderately humic solonetzic 
and calcareous-solonetzic 
chernozems Virgin land 7,13| 4,14 |0,434} 9,5} 47 
Plowiand 7,46| 4,32 |0,404] 10,6 | 16 
Moderately humic, 
solodized chernozems Virgin land 8,75| 5,07 |0,429| 11,8 | 45 
Slightly humic, non-solon- 
etzic chernozems Virgin land BSNL. 44 0290; |MeaeO 8 
Plowland AS52 12.625 (0254101073) |i 
Slightly humic, solonetzic 
and calcareous-solonetzic 
chernozems Virgin land 4,91] 2.84 |0,336] 8,5] 14 
Plowland A Waele OV298: |9) 2. 5 
Meadow chernozem Virgin land 8,91} 5,16 | 0,483} 10,7 21 
Dark-chestnut, non-solonetzic 
soils Virgin land 3,46] 2,01 |0,197} 10,4 18 
Plowland 3,07] 1,78 | 0,167] 10,6 2 
Dark-chestnut, solonetzic and 
calcareous-solonetzic soils Virgin land B78 eee onlOrcOUh mediga 24 
Plowland SEQ Tae Zeon lOS28 Teo melo 
Light-chestnut soils Virgin land De2 tet 28) 110, 19510. 6,0 28 
Meadow-chestnut soils MM 5,18] 3,01 |0,294} 10,2 417 
Brown soils a 4,20] 0,69 |0,112}] 6,2 8 
Sierozems W 4-43)|| 0:65, 1/0, 099))..6,6 21 
Irrigated lands 162) 150s 93n! Osl28i mals 2 |S 
Takyrs Virgin land 0,55} 0,32 |0,047| 6,7 6 
Meadow-sierozems Virgin land 2685: (ei mOon OSS OO fA 
Irrigated lands } 2,51] 1,46 |0,160| 9,1 i 
Meadow and meadow-bog soils Virgin land 5,95] 3,45 | 0,326] 10,6 31 
Solonchaks Same PONS SSW Os Wis) TiS 8 
teppe and meadow-steppe HM 
ee ae, eee a ake 
Meadow solonetzes Primary under 3°58 3 24 0'324| 10'0 | 38 


Solods and gray solodized soils birch stands 


B. Mountain soils 


Note: Comma represents decimal point. 
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Mountain-meadow soils High-mt. meadow{5,92] 8,76 0,772 Able 3? “NG! 
Mountain-forest, gray forest, Primarily in 9,59] 5,56 |0,478} 11,6 | 48 
and podzolized chernozems mountain 
forests 
Very humic and moderately i 
humic chernozems Virgin land 8,95] 5,19 | 0,569 9,1 15 
2 Plowland 8,78] 5,09 |0,528| 9,6] 9 
Very humic and moderately 
nate, leached chernozems Virgin land 9,73| 5,64 |0,539| 10,4} 14 
Plowland 9,31| 5,39 an oe 4 
lightly humic chernozems Virgin land 5,19] 3,04 |0, . g 
mo ie Plowland 4,48| 2,48 |0,283| 8,8] 14 
Dark-chestnut soils Primarily 3,64| 2,14 |0,242| 8,7] 13 
DLOW la DG 


A.M. DURASOV 


Our results, which indicate that the C:N 
ratio is wider in old plowland than in virgin 
land, agree with the data of Vinokurov (2), but 
differ drastically from the conclusions made 
by Grabarov (3), who states, as mentioned 
earlier, that old plowland must have a narrow- 
er C:N ratio than virgin land. 


In doubting the data of M. A. Vinokurov, 
P.G. Grabarov writes: 


"These data are somewhat unexpected, be- 
cause microbiological processes develop when 
any soil is tilled and the number of bacteria 
increase sharply. When humus is destroyed, 
the bacteria exhale carbon dioxide, while 
they bind nitrogen in the cell plasma. 


Thus, the C:N ratio must narrow when soil 
is tilled, and this is true in most of the cases" 
3 


However, the author does not present any 
factual material in his article to substantiate 
this conclusion. Grabarov forgets that the 
grain crops, which are mostly grown in the 
non-irrigated old plowlands of Kazakhstan, 
take up nitrogen intensely. The amount of 
nitrogen taken up by them from the soil can 
hardly be replenished by the process described 
by the author. In this case we could conclude 
that soils do not need the addition of nitrogen 
fertilizers at all, which is not true, of course. 
A narrower C:N ratio is found in old plowlands 
under grass-arable rotation when legumes 
are grown. But, as we know, grass-arable 
rotation is very limited in Kazakhstan and is 

racticed only on individual farms. Legumes 
primarily alfalfa) are widespread only in the 
south of the Republic on irrigated land, pri- 
marily sierozems. But, as we can see from 
the foregoing data, plowed (irrigated) siero- 
zems have a wider C:N ratio than virgin siero- 
zems. 


We must add that our data, which indicate that 
the C:N ratio of plowland is higher (as compared 
to virgin land), fully correspond to the general 
conclusion that this ratio becomes wider in 
soils with a higher degree of wetting; thus, 
even if we exclude irrigation, moisture accu- 
mulates in plowed lands after tillage and, con- 
sequently, they have a generally higher mois- 
ture content than virgin land. 


When comparing our C:N values for the 
individual soils of the plain regions of Kazakh- 
stan with similar data for the corresponding 
soils of the European SSSR, we must note 
that a great majority of soils in the Republic 
have a narrow C:N ratio, which is again 
attributable to the drier climate of Kazakhstan 
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as compared to that in the western regions of the 
Soviet Union, © 


In conclusion we may note that our average 
values for the ratio between the carbon and 
nitrogen content of various soils have no absolute 
significance. They may change later when more 
material is collected and new calculations are 
made. However, our data show a definite 
pattern in the change of the C:N ratio in various 
soils in relation to climate. 


Thus, the conclusion of a number of in- 
vestigators that the C:N ratio in soils becomes 
narrower with the increasing dryness of the 
climate is valid for the plain as well as for the 
mountain soils of Kazakhstan. 


Received October 18, 1960 
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WATER EROSION OF SOILS IN THE STAVROPOL’ HIGHLANDS 


V.P. LIDOV and A. I, ROMASHKEVICH, M.V. Lomonosov State University of Moscow, and 
V. V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


Soil erosion by water and wind is wide- 
spread in a number of regions of the Stavro- 
pol' Krae. Therefore, the members of the 
V.V. Dokuchayev Soil Institute, Academy of 
Sciences, USSR, and those of the Forest In- 
stitute, Academy of Sciences, USSR, conducted 
complex soil erosion investigations in the 
Stavropol' Krae in the summer of 1958. The 
investigations were conducted primarily in the 
area of the Stavropol' highlands (Mikhaylov, 
Aleksandrov, Jursav, Petrov, Izobil'noye, 
and other rayons). The present paper pre- 
sents data primarily on the water erosion of 
soils. 


The natural conditions of the Stavropol' 
highlands differ considerably from those of 
other regions with widespread water erosion, 
such as the Volga or Central Russian high- 
lands, and therefore the development of 
erosion processes here is also unusual, Pre- 
cipitation in the Stavropol' highlands increases 
from the northeast to the southwest from 400- 
650 mm. Sixty to 80% of the precipitation occurs 
here during the warm period, In a number of 
regions investigated, 40% of the precipitation 
during the warm period is often in the form of 
downpours (1,4). The literature mentions 
downpours yielding 100 mm of precipitation 
in 24 hr (4). Because of this, maximum sur- 
face runoff in the Stavropol' highlands and 
therefore the most intense soil erosion are 
associated primarily with downpour types of 
precipitation. 


Strong winds, primarily from an easterly 
direction, are characteristic of the Stavropol' 
highlands. There are also winds of the moun- 
tain-valley type. The frequency of periods 
with strong winds during dry and hot weather 
in spring and summer often results in the 
damage of considerable areas under crop by 
dust storms (4). 


The relief, lithology, and soil in the Stav- 
ropol' highlands are extremely varied, The 
most characteristic relief feature in the 
Stavropol’ highlands is the widely distributed 
elevated plateaus with a number of plantation 
surfaces. These relief formations are due to 
the alternation of dense and loose rock, such 
as platy sandstone, limestone, marly sand- 
stone with gypsum-bearing clays, clay loam, 
and sand, The elevated plateaus are asym- 
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metrical: most often they form steep stepped 
slopes descending toward river valleys in 

the west, while in the east they gradually 
lower and change into a system of ridges 
extending far from west to east. The ridged 
relief is also typical of wide depressions 
(Kursav rayon). The ridged relief becomes 
less pronounced with distance to the east and 
the absolute elevation of the ridges decreases, 
The most dissected relief is found in the parts 
of the plateaus near rivers and in the upper 
reaches of rivers. The latter usually originate 
in catchment basins of the collecting type 
from fan-like ravines and gullies, reaching 
far into the plateau, Longer and gentler 
slopes are found in distribution-type catch- 
ment basins. 


The ridges are sometimes complicated by 
a network of hollows. The hollows are often 
found along the narrow watersheds of the 
ridges, dissecting the ridges into smaller, 
second-order ridges. As a result of the al- 
ternation of dense and loose rock, the runoff 
hollows, from the smallest to the largest, 
often develop diagonally in the direction of 
the slope and not along the general slope. 
Because of the dissection of long slopes by 
diagonal hollows, the surface runoff along 
the slopes is often intercepted by the latter, 
Therefore, short runoff flow lines (from the 
watersheds to the drainage network) are char- 
acteristic of a number of geomorphological 
areas of the Stavropol' highlands, The long 
slopes are divided into a series of small 
slopes with local micro-watersheds. Because 
of the lithological structure, stepped slopes 
are widespread in the highlands; straight and 
convex-concave Slopes are less frequent. 


The soil of the Stavropol' highlands is repre- 
sented by dark-gray forest soils, Cis-Caucasian 
and central Cis-Caucasian chernozems, chest- 
nut soils, and small spots of residual solon- 
etzes in places. The largest area is occupied 
by chernozems, 


The distribution of the main soil groups in 
the Stavropol' highlands is governed by verti- 
cal zonality, "and their relative diversity and 
rapid change are determined by the dissection 
of the surface and the variety of parent ma- 
terial" (6). 


V.P. LIDOV AND A.lI. 


We studied erosion primarily on the central 
Cis-Caucasian chernozems — leached, calcare- 
ous, solonetzic, and the so-called chestnut 
chernozems (chestnut- mycelial-calcareous) 
(3,7). Observations showed that moderately 
thick chernozems are most common in the 
Stavropol' highlands, Moderately thick cher- 
nozems change most often into shallow cher- 
nozems on slopes of more than 6°. Shallow 
chernozems are sometimes found on 4° slopes. 
Undeveloped soils of the chernozem type are 
found on very steep slopes. They have a shallow 
profile, poorly defined horizons, no inter- 
mediate horizons, and a low humus content. 

The characteristics of their profile result on 
the one hand from a moisture deficiency, and 
on the other hand from natural geological 
erosion. 


Judging by our observations, the role of 
exposure in soil formation becomes notice- 
able only on slopes of more than 4°, Under 
these conditions soils with a lower humus con- 
tent and less leaching form on southern slopes. 
The role of exposure is more noticeable in 
the piedmont belt, where thick chernozems 
are found on northern slopes (even at 8°), and 
less humic, moderately thick and shallow 
chernozems are found on southern slopes (of 
the same grade). In addition to relief, the 
characteristics of the soil-forming parent 
material influence the thickness of the soil. 
Shallow soils or soils intermediate between 
shallow and moderately thick are found on dense 
rocks (limestone and calcareous sandstone), 
whereas moderately thick or thick soils are 
found on loose parent material (under the same 
relief conditions). The variety of soils within 
small areas is associated with changes in 
lithology. For instance, calcareous cherno- 
zems on limestone in the upper part of a 
slope may be replaced lower by calcareous 
chernozems on loose deposits, these by leached 
chernozems on clay loams and clays, solonetzic 
chernozems on the deluvium of Maykop clay, 
etc. 


The texture of the soils is varied. Medium- 
and fine-textured clay loam and clay soils 
predominate. Solonetzic chernozems are the 
most fine-textured soils (Table 1). The study 
of the texture of soils on slopes showed that 
the texture of the soils usually becomes finer 
in the lower part of slopes, which is associated 
with the transport of the fine fractions of the 
soil material as a result of erosion, 


The structural and aggregate composition of 
the soils (Table 8) shows that leached cherno- 
zem has the most favorable water-stable struc- 
ture (87.2% water-stable aggregates), Calcare- 
a siege agar pei a user structure 
and a lesser percentage of water-stable re- 
gates (70.2%-56.2%). © pestle 


Solonetzic chernozems have a fine lumpy 
structure and a rather high content of water- 
stable aggregates (68.2%). 


As we Can see from Table 3, leached and 
calcareous chernozems are the richest in or- 
ganic substances (6.72%-11.63%), while the 
least amount of humus is found in solonetzic 
and chestnut chernozems (3,91%-5.82%). 
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We determined the degree of erosion by com- 
paring the thickness of all soil horizons A, 
B,, and B,) subject to erosion with the thick- 
ness of horizons which are not subject to 
accelerated erosion, We studied soil erosion 
by making geomorphological soil profiles 
on slopes of various shapes, steepness, and 
exposure, distinguishing between slightly, 
moderately, and strongly eroded soils (aby. 


As far as the resistance of chernozems to 
erosion is concerned, it is of the following 
order. Calcareous chernozems on dense rocks 
are most susceptible to erosion, next are cal- 
careous chernozems on loose rock and 
solonetzic chernozems, and, finally, leached 
chernozems, which have the best structure. 


As we can see from Table 4, the effect of 
exposure on soil erosion is considerably less 
pronounced in the Stavropol' highlands than 
in the more northern regions because water 
erosion in the Stavropol' highlands is governed 
primarily by downpour type of precipitation. 
Nevertheless, even under these conditions ero- 
sion is more intense on southern slopes than 
on northern slopes. Thus, for instance, 
erosion of calcareous chernozems is slight 
on northern slopes which are about twice as 
long as the southern slopes. 


Let us examine the relation between soil 
erosion and relief conditions. The erosion 
of calcareous chernozems on dense rocks is 
slight where the slopes are 1°-2° and the 
length of the runoff flow lines is 100-200 m. 
Soil erosion increases from weak to strong 
at slopes from 4° to 6°, respectively, with 
the same length of runoff flow lines. The 
erosion of calcareous chernozems on loose 
rocks is slight on 400- to 600-m length slopes 
of 1°-2°. The slight erosion of leached cher- 
nozems under uniform relief conditions cor- 
responds to the moderate erosion of calcare- 
ous chernozems on loose rocks and the strong 
and severe erosion of calcareous chernozems 
on dense rocks, 


The degree of soil erosion is also directly 
related to the type of watershed (8). In particu- 
lar, slight soil erosion in a distributing catch- 
ment basin corresponds to moderate erosion 
in a collecting catchment basin with the same 
slope length and steepness. 


Soil material may not be transported beyond 
the limits of a slope when they are pronouncedly 
stepped, which is very characteristic of Stavro- 
pol'. The material is being removed from 
steep scarps and accumulates on the steps, 
Noticeable accumulation occurs when the 
surface slope changes by 3° as compared to 
the steepness of the overlying section of the 
slope, The nature of the erosion, transport, 
and deposition of soil material on stepped 
slopes has a number of other characteristics. 
When the steps are short and gentle as compared 
to the above-lying steeper slope sections, the 
material accumulates over the whole surface of 
the step. If the steps are relatively wide 
at a distance from the break in the slope, 
accumulation can be replaced by soil erosion, 
The een the inclination of the steppe (ter- 
race) surface, the shorter is the distance 
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Table 1 


Particle-size anaiysis, %. (Analyzed by O. Ya. Yaminskaya and A. P. Kulakova) 


34a, 
Strongly eroded calcare- 


ous chernozem, Mikhay 
lov rayon, ''Temnoles- 


2 c Particle, diameter, mm 
n to) n » 
Profile No., soil, and 8 oF 2 & 250 8 S S 3 
location s = cf $a = ° = = ¢ 3 
oy | a =) Yel > 
Bulee Gc ina iee| 2-| Stl S| s/s |) 
= So 
115. 
i aes oa Ao O— 414,01] 2,28|.0,3411,1129,4 | 934'148;41 3050 
Gorovekdlesckove cae |S (| A 14 }4,201 1,84]0,4)43,1 28,5 |7,4718,5| 30,7 
aa B, | 30— 40 ]3,38] 1,56/0,3] 8.3]27,5| 10,3] 15,4| 36,6 
B. | 40— 50 |3,02| 1,46/0,3] 8,8|28,7] 8,4]14,0] 38,3 
G | 80— 903,15} 1,38/0,3| 5,4|28,0] 9,7] 45,6] 39,7 
Sapien Oe ahead Aptowt O— 5|5,51| 10,5/41,5| 4.4] 13,5| 7,9] 15,0] 47,4 
erry ee cies. bee A th 1222 115,85). 19-7 1210145,2| Ondlers3 4003 | (5030 
ccaec aches B, | 33— 43 |5,07] 18,3/1,6| 4,8]10,7| 6,9] 14,0] 43,6 
B, | 56— 66 | 4,06] 31,8/1,31 4,8]10,0| 3,9|10,3| 37,9 
Cc | 80— 90']2,88|° 50,6/1,4] 2,8] 7,1] 3,2] 8,5| 26,4 


skiy"’ sovkhoz 


49, 
Non-eroded solonetzic 
chernozem, Mikhaylov 
rayon, Lenin kolkhoz 


< 


(oS RS SS) 


~ 


87. 


Chestnut chernozem with 
deposit. Izobil'noye 
rayon, 'Moskovskiy" 
sovkhoz 


Note: Comma represents decimal point. 


from the break of the slope where accumula- 
tion is replaced by erosion and the more 
intense is the latter. Asa result, strips 

of eroded and deposited soils (Fig. 1), of 
varying thicknesses and varying moisture 
conditions, alternate on the slope steps. 

This creates large variations in the time when 
soils mature, and in the yield of agricultural 
crops on various slope sections within one and 
the same crop rotation field. 


In evaluating the degree of erosion of 
various soils we must note that slopes with 
shallow soils on dense rocks, with undeveloped 
soils, and also with solonetzic soils, are most 
susceptible to erosion, Under these conditions, 
even slight erosion can remove the soil to the 
surface of dense bedrock or its gravel, or to 
the saline horizons, i.e., lead to a sharp de- 
crease in soil fertility. 


Analytical data (Table 3) showed that the 


Ee R&S NM O 
a EPS eee Son) 


humus content decreases considerably during 
erosion, With moderate erosion the humus 
content decreases by one-third while with 
strong erosion it decreases by half. There 
is no noticeable decrease in humus content 
in solonetzic chernozems under slight and 
moderate erosion, which is apparently asso- 
ciated with the fact that eroded solonetzic cher- 
nozems are plowed to the depth of the upper 
horizon, only slightly touching the under- 
lying horizons. 


To determine the relationships between 
areas with various degrees of soil erosion in 
plowed fields (plowed a long time ago and 
occupied by row and grain crops using or- 
dinary agricultural practices), slope steepness 
and the length of runoff flow lines, we used 
profile data in our calculations, The analysis 
showed that from 20 %-35% of the slope area is 
occupied by non-eroded soils on surfaces with 
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Table 2 


Structural (numerator) and aggregate (denominator) composition of soils 


Profile No., soil, Hori- 
location, and land use zon 


115, 

Non-eroded leached cher- 
nozem, Kursavskiy rayon, 
Vorovskolesskoye Village. 
Pasture A 


31, 
Non-eroded calcareous 
chernozem, Mikhaylov 
rayon, ''Temnolesskiy" 
sovkhoz. Corn 


34a, 
Strongly eroded calcareous 
chernozem, Mikhaylov 
rayon, ''Temnolesskiy" 
sovkhoz, Corn 


49. 
Non-eroded solonetzic 
chernozem, Mikhaylov 
rayon, Lenin kolkhoz. 
Fallow. 


Note: Comma represents decimal point. 


an average inclination of about 3°. Slightly 
and moderately eroded soils predominate on 
such slopes, Maximum erosion occurs on 
slopes with an average inclination of more 
than 6°. Under these conditions 20%-40% of 
the slope area is occupied by strongly eroded 
soils. An increase in the length of runoff flow 
lines at average angles of inclination of 3 ° 
leads to an increase in the area occupied by 
moderately eroded soils. An increase in 

the length of runoff flow lines on 6°-7° slopes 
leads to a considerable increase in the area 
occupied by strongly eroded soils. 


We also calculated the long-term soil erosion 
on slopes from the profiles, Its magnitude de- 
pends on the steepness, length, and shape of 
the slopes. Erosion reaches 700-800 m3/ha 
on straight and convex slopes of 3°, while it 
decreases to 350-500 m3/ha on stepped and 


concave slopes of the same steepness and 
length. 


The great number of intense downpours 
in 1958 (Table 5) made it possible to observe 
the process of seasonal water erosion,!1 We 


‘Under seasonal erosion we mean processes which 
take place within one season (in this case the summer 
of 1958) with intense precipitation. 
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O-- 6/35,5/32, 9] 16.6) 5.4 
16,5] 8,31 2,7124,8 


Diameter of aggregates, mm 


4—144} 41,8] 6,3/21,8)/23,1/28,0 
6,1/24 


19,1]27,1 


4.5 


used the method (of Sobolev) of experimental 
plots on slopes subject to erosion, mea- 
sured the volume of erosion furrows in fields, 
and calculated the volume of the material re- 
moved per unit area (10). Erosion furrows 
were found in fields occupied by row crops, 
and on straight and convex slopes in the cen- 
tral part of the Stavropol' highlands. 


As we can see from Table 6, the intensity of 
seasonal erosion is directly related to the 
steepness and length of slopes. The steeper 
the slope, the less length is necessary for 
the removal of the same amount of soil ma- 
terial, a fact which is confirmed by the data 
in Table 7, 


The volume of material removed (soil ero- 
sion intensity) on stepped slopes is related not 
only to the steepness and length of the slope, 
but also to the relationship between the steep- 
ness of the section studied and that of the above- 
lying part of the slope. The smaller the sur- 
fact inclination becomes as compared to that 
of the above-lying part of the slope, the 
shallower are the runoff furrows and the less 
material is removed. When the surface in- 
clination decreases by 25% the volume of 
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Table 3 
Humus content in the soils. (Analyzed by K.L Vasil'yeva) 


Profile No., soil, location, and land use Horizon D epth of Humus, 
sampling, cm| % 
115. Very humic, non-eroded leached chernozem, ‘A ry ew 41.03 
Sens rayon, Voroskolesskoye Village. ce Lets, 99} 
eboney By 30-- 40 5,35 
By 40— 50 Amoi 
G 80— 90 1,47 
51. Moderately humic, non-eroded leached chernozem. 023575 6 
Mikhaylov rayon, Stavropol' secondary farm. Aplowed z t NN 
Corn, Aplowed jd— 15 5,06 
B, 25— 35 Dai b 
By 45-— 55 4,48 
Ba 100—110 219 
56. Moderately humic, moderately eroded leached 0— <6 35 
chernozem, Mikhaylov rayon, Stavropol' Hees 47 he ain 
secondary farm, Abandoned land, B 35— 45 382 
1 — 4 ,82 
B. 60— 70 3,03 
G 90—100 1,34 


31, Very humic, non-eroded calcareous chernozem, Aplowed 
Mikhaylov rayon, ''Temnolesskiy" sovkhoz. Corn, mn 


Bi 


3la, Very humic, moderately eroded calcareous Apiowed 8,37 
chernozem, Mikhaylov rayon, ''Temnolesskiy" B Not dettd. 
sovkhoz. Corn. BC : 5,32 

C Ds 

34a, Very humic, strongly eroded calcareous cher- Apiowed 
nozem,. Mikhaylov rayon, ''Temnolesskiy" sov- 
khoz. Corn. 

49, Non-eroded solonetzic chernozem, Mikhaylov Aptowed 0— 6 5,82 
rayon, Lenin kolkhoz. Fallow. By 24— 30 5,15 

Bi 39— 49 3,94 
Be 61— 71 3,64 

11. Moderately eroded solonetzic chernozem. Kur- Atiowed 0= 15 5,49 

savskiy rayon, Lenin kolkhoz. Winter wheat. Bi 20— 30 4,03 
B 52— 60 2,13 
BC 7i— 78 1,65 

8, Strongly eroded, undeveloped solonetzic cherno- AB 0 10 3,87 
zem. Kursavskiy rayon, Lenin kolkhoz. Pasture. C 25 36 4.55 

87, Chestnut chernozem with deposit. Izobil'noye Ap 0— 10 3.91 
rayon, 'Moskovskiy" sovkhoz. Edge of a forest A 15 95 r ‘05 
pac Bi Abas 45 4,08 

By 50— 60 3,54 
Bz 70-— 80 ra | 
BC 102—112 1,35 


Note: Comma represents decimal point. 
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Table 4 


Relationship of the degree of soil erosion on relief conditions in the Stavropol' highlands 


Northern exposure Southern exposure 
lope | Slope 
i Slope} Slope ; iS) 
o Degree of erosionsteep-| length, |Degree of erosion steep- length, 
ness,9] m ness, m 
Calcareous 1, Slightly eroded} 1—2 | 100—200]1. Slightly eroded | {2 st 
chernozem on " Bye < 100 a = a 
dense rock 2. Moderat.eroded 4-6 < 100 — — 
3. Strongly eroded) 4-6 | 100—200 = — a 
i i ded» | 9—12 100 
Calcareous 1, Slightly eroded | 1—2 | 400—600 |1. Slightly ero 
chernozem on | 2, Modersiierode 4—6 | 400—600 |2. Moderat.eroded | 912] 100—200 
loose deposits | 3, Same Jas 900 |3. Strongly eroded |42 45] 100—2C0 


nozem 


ame 2—3 | 200—400 


Solonetzic cher-| 1, Slightly eroded] 2 200—400 | 1. Suey eroded | 1—2 | 600—900 


Leached cher- | 1, Slightly exodea| 4—6 | 200—600 } 1. Slightly eroded 


nozem 


removed material decreases up to 40%, 


The established principles of seasonal 


soil erosion 


of more than 2° and a runoff distance of 400 
m is very intense in years with very frequent 


2. Moderat.eroded 4—6 


lem] 
2 
$ MM 


5 


Fig. 1. - Distribution of eroded and deposited soils on a stepped slope. 
Soils: 1 - non-eroded; 2 - slightly eroded; 3 - moderately eroded; 
4 - strongly eroded; 5 - deposited, 


deflation, which is espeCially intense in the 
upper parts of windward slopes. Chestnut 

soils, calcareous chernozems, and coarse- 
indicate that erosion on slopes textured leached chernozems are subject to 


deflation most. We found that 20 cm of soil 


had been removed by long-term deflation (i, e. 
downpours, especially in fields where row 2000 m3 of soil material per hectare) in the 
crops are grown along the slopes, plowed areas of ridges located near water- 

sheds and occupied by dark-chestnut coarse 

In addition to water erosion, most areas clay loams, in the Petrovsk rayon. A soil 
of the Stavropol' highlands suffer from soil 


layer of 10 cm had been removed by deflation 
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Table 5 


Number of downpours (with an intensity of more than 10 mm) 


in the various rayons of the 


Stavropol' Province from April 1 to September 1, 19588 
Rot May Otal from Apri 
: p = ; ay = : July : August to September 1 
Rayons i aecallics ge RB LE S Ee a a i 
Lad = (82 a] SE Sin = ae ee t m|o = | Number of [Including 
ge sss E54 ER gE4 BR gEHIER ney 238 |downpours} >20m 
Oo 
29 as le 8) 6128818" 128 818 AS 8) 8" 
Aleksandrov eee ee | oe a Iya 4 4 4 4 — 
reat _ s 
Stavropol' Pe |e Ne | —= 2x 
Kursavskiy sae rea ee | aie: : y ; 4 Pare lee ve ; 
Petrov 1 |e 7a 1 3 —|{|—|]— 7 Pe 


4 ccording to the data of the Stavropol' hydro-meteorological serivce. 


Table 6 


Relationship of the volume of material removed to the steepness and 
length of slopes (calcareous chernozems) 


Volume 
removed, 
m3/ha 


Slope 
steepness, 
degree 


Table 7 


Indices of the relationship 
between the length 
of runoff flow lines and 
slope steepness at 
a volume of 100-160 
m3/ha of material 
removed from calcareous 
chernozem 
Length of Surface 
runoff flow ; inclination, 
lines, m degree 


(also long-term) on calcareous sandy loam 
and coarse clay loam calcareous chernozem 
in the southern part of the same region. De- 
flated soils were found in a number of places 
in the Kursav, Nevinnoye, and other rayons. 


Soils in the same areas are often subject 
to both deflation and erosion. Erosion con - 
trol is especially complicated in such areas, 


Slope ! 
length, 
m 
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Slope 
length, 
m 


Slope 
steepness, 
degree 


<500 
500—800 


in particular the selection of the orientation 
of windbreaks and water-regulating forest 
belts, etc. 


Soil erosion is less intense (gully formation 
being very insignificant) in the Stavropol!' 
highlands than under the same relief conditions 
in other eroded areas of the European USSR; 
this is attributable to the later development of 
accelerated erosion in the Stavropol' highlands 
as compared to regions of the central cher- 
nozem belt, for instance. 


According to the investigations of Sudnov 
(12), the area of arable land in the Stavropol' 
Province has increased almost 3.5 times from 
1896 to 1913, i.e., within 17 years. The 
area of arable land in 1958 was more than 4 
times larger than in 1896, It must be con- 
sidered that slopes of more than 5° -6° have 
been included in the category of permanent 
arable land only in the last 5 years, as a rule. 
Within approximately the same period the 
structure of the area under crops has changed 
in the following manner. In 1913, 1.5% of the 
area under crops was occupied by row crops, 
while the rest was occupied by grain crops. 

In 1958 row crops occupied 30% of the planted 
acreage. The plan for 1965 is to bring up 

the area under row crops to 40% of the planted 
acreage in a number of regions of the krae, 


The young erosion phenomena in the 
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Stavropol' highlands forces us to pay special 
attention to land use. Unfortunately, little 
attention is paid here to relief and the nature 
of soil in the distribution of crop rotation _ 
fields, the direction of plowing and harrowing, 
and the distribution of row crops. Fields 

with row crops are very often located on steep 
slopes (8°-10° and more), while grain crops 
occupy relatively flat areas, The fields are 
usually plowed along the slopes. Soils, subject 
to deflation (calcareous chernozems and other 
coarse-textured soils), are often under pure 
fallow. This promotes deflation even during 
relatively weak winds. Because of this the 
first measures for the prevention of the fur- 
ther development of erosion must include the 
cultivation of row crops in flat areas, plow- 
ing across the slopes everywhere instead of 
along them, and sowing of deflated soils in- 
stead of leaving them under pure fallow. Since 
soil erosion in the Stavropol' highlands is pri- 
marily caused by the downpour type of precipi- 
tation, erosion control should not consist as 
much of additional practices (diking, harrow- 
ing, ridging, etc.). as in true soil cultivation 
under one or the other crop and crop rota- 
tion system, i,e. introducing farming systems 
developed by local krae agricultural institu- 
tions and applicable to the natural regions of 
the highlands (5, 9). 


The arrangement of erosion-control forest 
belts in the Stavropol' highlands was not al- 
ways sufficiently well thought out. The 
majority of forest belts, designed to break the 
wind, are dense instead of being open, they 
are often too wide (~20 m and more), and 
sometimes have the wrong orientation with 
respect to the prevailing winds. 


In order that forest belts be effective, 
their structure and maintenance must be 
changed. At the same time one must not 
forget that for erosion control forest plant- 
ings must be combined with agricultural 
practices which promote the preservation of 
a good soil structure, 


Conclusions 


1, Water and wind erosion are widespread in 
the Stavropol' highlands and often occur to- 
gether in one and the same areas, 


2. In spite of the relative young age of 
accelerated erosion in the Stavropol' high- 
lands, it already has caused considerable 
damage to agriculture. The amount of soil 
material removed over a long period from 
steep, plowed slopes by water erosion is 350- 
1000 m3/ha, and that removed by deflation 
from comparatively coarse-textured soils is 
1000-2000 m3/ha, 


3. The degree of soil erosion is closely 
related to the soil properties, the steepness 
and length of slopes, the types of watersheds 
and the length of time the land had been : 
reclaimed, The order of resistance of the 
soils of the Stavropol' highlands to erosion 
is the following: leached chernozems > cal- 
careous chernozems on loose deposits and 
solonetzic chernozems > calcareous cherno- 
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zems on dense rocks. 


4, Depending on the shape of the slopes, 
the major portion of the soil material removed 
by water may either be transported beyond 
the limits of the slope (straight and convex) 
or be displaced and unevenly deposited within 
the limits of the slope (stepped slopes). 


5. The study of the removal and redeposi- 
tion of soil material with varying relief, 
lithology, and soils points to the necessity 
of considering these factors when investigat- 
ing the problem of the genesis of soils. 


There is no doubt that the removal, trans- 
port and re-deposition of soil material in 
areas with a dissected relief or areas subject 
to dust storms are of extreme importance in 
soil formation. 


6. To prevent the further development of 
erosion in the Stavropol' highlands we must 
first of all: a) introduce protective crop 
rotation on slopes of more than 6°; b) re- 
move row crops from steep, eroded slopes; 
and c) change the distribution of crop rota- 
tion fields in dissected relief to provide for 
soil tillage across slopes. 


Received May 18, 1960 
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CAUSES OF THE SUPPRESSION OF 


AZOTOBACTER IN THE 


NON-IRRIGATED SOILS OF CENTRAL ASIA 


YU. O. DARZNIYEK, Mary Agricultural Experiment Station 


Numerous microbiological soil investiga- 
tions in Central Asia showed that the Azotobac- 
ter is absent or found in extremely insignifi- 
Cant amounts in automorphous desert soils 
which had not been irrigated for a long time 
(4, 8,9, 11, 12, 138, 16, 17, 18, 20, etc.). Novo- 
grudskiy and Mitrofanova (15) were able to 
find the Azotobacter in non-irrigated soils 
only by means of a special method, When ir- 
rigated, the same soils are a favorable medium 
for the development of the Azotobacter 


Our microbiological investigations of the 
non-irrigated virgin and old abandoned soils 
of the Murgab oasis of Turkmenia showed 
that by using ordinary methods of investiga- 
tion it is impossible to find the Azotobacter 
in takyrs and takyr-like soils free of higher 
vegetation, It is sometimes possible to 
find the Azotobacter in takyr-like soils covered 
with ephemeral vegetation, but only in insig- 
nificantly small amounts: 1-4 cells/g of soil. 
At the same time, there are thousands and 
ten thousands of Azotobacter cells per gram 
of soil in the old irrigated takyr-like soils of 
the Murgab oasis. 


It is believed that the main cause of such 
a severe suppression of the Azotobacter in 
non-irrigated desert soils is the extremel 
inadequate moisture regime of such soils tie), 
It is assumed that there are other causes which 
aggravate the unfavorable effect of the main 
factor: poor soil aeration, and the scant supply 
of organic matter to the soil. However, such 
an explanation is not exhaustive and does not 
agree with a number of important character- 
istics of the microbiological, activity in non- 
irrigated desert soils, 


The assumption that non-irrigated soil is 
extremely poor in moisture is not quite cor- 
rect. Even in Southeastern Turkmenia, where 
the annual amount of precipitation rarely ex- 
ceeds 100-150 mm, the soil moisture regime 
ensures rather favorable conditions for micro- 
biological activity for a period of at least 2-3 
months and longer in individual years (autumn- 
winter and spring are the wet periods) because 
of the very uneven seasonal precipitation dis- 
tribution (70%-75% of the annual precipitation 


occur during the coldest period, from Novem- 
ber to March), 


We must emphasize that even though the 
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non-irrigated soils of the desert zone are not 
rich in microbial population, they contain, as a 
rule, all the major physiological groups of 

soil microorganisms (4, 8,13 etc.) As we 
know, even such moisture-loving organisms 

as soil algae can multiply in masses during 

the wet period of the year in certain desert 
takyr soils (2 and others). 


We found hundreds of thousands and millions 
of cells of ammonifying and oligonitrophilic 
microorganisms, up to a thousand cells of 
cellulose decomposing aerobic microorganisms, 
up to a hundred cells of Clostridium pasteurian- 
um, and hundreds and thousands of algae cells 

per 1 g of soil) in samples of non-irrigated 
takyr and takyr-like soils taken in the Murgab 
oasis during the wet winter-spring period. 


Thus, in spite of their unusual moisture 
regime, non-irrigated desert soils may con- 
tain peculiar and, during certain periods of 
the year, a quantitatively relatively rich 
microflora. However, even during the wet 
period of the year the Azotobacter is either 
absent in these soils or is found in insignifi- 
cantly small numbers, Can we attribute this 
phenomenon to the fact that the Azotobacter 
cannot withstand the prolonged soil dryness 
during the dry period of the year, or to the 
fact that its requirements with respect to 
soil moisture conditions are very high? The 
answer to both questions is negative. 


Our investigations of samples of old irri- 
gated soils showed that the Azotobacter can 
endure it very well when the soil is kept dry 
for a long time (Table 1).1 The unground and 
unsieved samples were kept at room tempera- 
ture (from 5 °-32°C) in the dark in sterile 
jars with cotton stoppers. The moisture con- 
tent of most of the samples did not exceed 
1%-2% at the end of their storage under these 
conditions, 


; ‘In our present work we assessed the Azotobacter 
in a medium of the following composition: 10.0 g 
sucrose; 0.5 g KoPO,; 0.5 ¢g KH,PO,; 0.2 g MgSO,: 
7H,O; 5.0 g CaCOs; 20.0 g of leached agar, and 
1000 ml irrigation water. Inoculation was deep, and 
the thickness of the layer of the medium did not ex- 


ceed 3-4 mm. The assessment was made in 4 - 
lel Petri dishes, ine 
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Table 1 ehh 
Survival of the Azotobacter during the storage of soil sample ; 
Duration of st F F Azotobacter cells, 1000 
Sample meh a tei SO Cae of absolutely dry oe 5 
No. 
Yea Month iti At the end of sts At the end of 
rs onths | Days Initial storage period Initial storage per. 
1 i 28 | N29) 8,4 8,4 4,7 
= 5) D 10.3 1,6 wiee 3,4 
33 5) 5 15,6 oO oyh ORO 
4 | 3 14 7,0 1,6 Dive 5,6 
Hy 1 3 14 AAS) 1,4 the BiG) 
6 4 3 14 7,3 Aco 0,02 0,14 
we 2 2 7 18,4 1,0 3,6 2,3 
8 2 2; 9 15,2 0,9 8,5 4,5 
9 2 2 9 11,8 1,0 ae 0,6 
10 4 3 10 1,8 gil 3,6 159 


Note: Comma represents decimal point. 


Table 2 


Survival of the Azotobacter during prolonged storage of soil samples 


Duration of storage 


Soil zotobacter ce 
moisture, 1000/¢ of ab- 


State of sample % solutely dry soil 


Years | Months 


At end of storage period 


Not ground 


Al 

‘Al 
Ground 

1 fu! 


"? 


Note: Comma represents decimal point. 


We also analyzed samples of old irrigated 
soils kept in the laboratory for an even longer 
period of time (Table 2), We had no data on 
the initial number of Azotobacter cells 
in these soil samples. The results of analyses 
showed that after being kept under dry condi- 
tions for 17-20 years there were still hundreds 
of Azotobacter cells per gram of soil in the 
unground and unsieved samples. The Azoto- 
bacter disappeared almost completely from 
finely ground soil samples, 


The foregoing data indicate that the Azoto- 
bacter survives well during the prolonged 
dryness of the soil. The high rate of survival 
of Azotobacter cells in soil kept from 2-4 years 
has also been noted by other investigations (1, 
7,9, 10,24, etc.). According to the data of 
De and Boss (22) the Azotobacter survives 
very well in the soils of rice fields during 
dry periods, much better than certain other 
groups of bacteria and fungi. 


We made special laboratory experiments to 
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determine the possibilities for the develop- 
ment of the Azotobacter in soil with a low 
moisture content. We added a determined 
amount of water to air-dry soil (the soil was 
taken from fertilized, medium clay loam 

old plowland under cotton which was rich in 
Azotobacter cells; its full capillary moisture 
capacity was 34.9%). The experiment included 
treatments with soil wetting to 5%, 20%, 35%, 
50%, 60%, 80%, and 100% of its full capillary 
moisture capacity against the following back- 
grounds: a) without the addition of energetic 
material, b) with the addition of ground 
cotton roots at a rate of 0.5% of the weight of 
the soil, and c) with the addition of 0.5% 
sucrose, 


The soil was thoroughly mixed so that it 
would be evenly moist. The soils under all 
treatments received 0.1% of superphosphate, 
The experiment was made in porcelain jars 
with 250 g of soil, The experiment was re- 
peated 3 times, The jars were kept ina ther- 
mostat at 25°-26°C. The water which evaporated 
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from the jars containing soil with a moisture 
content of 5%, 20%, and 35% was not replen- 
ished after the experiment was started so as 
not to increase the moisture content of the 
upper soil layer and thus distort the results of 
the experiment. The other jars were kept at 
a constant moisture content by periodically 
adding water to compensate for evaporation. 
The jars were covered with watch glasses 
and wrapped in parchment paper; the loss of 
water within the first 12 days was small. The 
number of Azotobacter cells was determined 
after 3, 12, and 35 days. Since we are inter- 
ested in the development of the Azotobacter 
under low soil moisture conditions, we give 
only the results of the experiment with the 
soil with a moisture content of 50% of full 
moisture capacity in Table 3, They show that 
the Azotobacter can develop noticeably under 
a rather low soil moisture level of 35% (as a 
result of the addition of cotton roots and suc- 
rose) and 20% (as a result of the addition of 
sucrose). No propagation of the Azotobacter 
was observed at a soil moisture of 5% of full 
capillary moisture capacity. The possibility 
of the development of the Azotobacter ata 
soil moisture of 20% of moisture capacity was 
reported by Yenikeyeva (6). 


% of 
Initial 


Aver. of 
3 deter- 
minations 


With the addition of sucrose 
35 


Consequently, the Azotobacter can develop 
under such moisture conditions as are rather 
frequently encountered in non-irrigated desert 
soils during the wet autumn winter and spring 
periods. The moisture content in samples of 
non-irrigated soils of the Murgab oasis, taken 
during the cold period of the year, was quite 
often at a level of 10%-14% of the weight of 
absolutely dry soil, This level is undoubtedly 
eae for the development of the Azotobac- 

er. 


——|3 deter- 


Table 3 


With the addition of cotton roots 
12 


Days of exper. 


It follows from the foregoing that the sharp 
suppression of the Azotobacter in non-irrigated 
desert soils can neither be explained by the poor 


Azotobacter cells in 1 g of absolutely dry soils, in thousands 


Development of the Azotobacter at different soil moisture contents 


adaptability of the Azotobacter to prolonged ‘cd 
soil drying, nor by its high requirements with 5 
respect to the moisture conditions of the a 
medium. 
w| O's 
The cause for the suppression of the Azoto- 2 see 
bacter must be related to the fact that the 8 A 
Azotobacter (or at least its strain which de- | 
velops in southern soils) is an organism which ols 4 B 
requires relatively high minimum temperatures q| 2s 
for propagation. Bb og s 
a ee 
According to the data of Garder (3), the @ nee 
Azotobacter of Crimean soils could not develop : | 
and fix molecular nitrogen at temperatures from S} x! 8 
10.0°-10.6°C, The very low nitrogen-fixing Raf [pst ee 
activity of Azotobacter strains (isolated from Ks 
the soils of the southern United States), at Blu} 5 
18°C was noted by Green (23), wie 
i) 2 ie 
Our investigations also showed that there is iS s ce 
no noticeable propagation of the Azotobacter 2 5 
in the soils of Turkemenia at average daily fad Oe! 
temperatures below 11°-13°C. In addition to Bl s 
the material published earlier (5), let us give 7 
the results of another experiment, made in E 
the winter of 1959, Sa BS 
Porcelain j (12) f ene : 
ain jars were filled with C388 & 
soil from old plowland under cotton eRe ss ao SE 5 


Azotobacter. Ground cotton roots (0.5% of 
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Note: 
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soil weight) were added to 4 jars, 0.5% sucrose 
were added to another 4 jars, while no organic 
matter was added to the remaining jars (control). 
All jars received 1.1% of superphosphate. Two 
jars of each set were placed in a thermostat (at 
25-26°C), while the rest of the jars were placed 
in a special box and buried 20 cm deep in the 
soil, The same soil moisture of about 60% of 
its full capillary moisture capacity was main- 
tained in all the jars. The experiment was 
begun on January 1 and completed 37 days 

later on March 7, The temperature conditions 
in the soil at a depth of 20 cm during the experi- 
ment were: absolute temperature fluctuations 
from 2.0-10.5°C, average daily temperature 
fluctuations from 2,3-9,2°C, and an average 
daily temperature of 5.6°C. 


As we can see from Table 4, the addition 
of cotton roots to the soil as well as sucrose, 
which is readily available to the Azotobacter, 
does not result in a noticeable propagation of 
Azotobacter cells at low temperature. At the 
same time, at a temperature of 25° -26°C 
the number of Azotobacter increased 6 times 
with the addition of cotton roots and several 
thousand times with the addition of sucrose. 
At low temperature other groups of soil 
microorganisms, such as oligonitrophiles 
and ammonifyers, multiplied noticeably. 


Similar results were obtained in the other 
experiments made during the winter. In none 
of these experiments was there a noticeable 
multiplication of the Azotobacter at soil 
temperatures varying from 2-3°C to 10-13°C, 
usual for southern Turkmenia, under other- 
wise optimum conditions, 


Such a reaction of the Azotobacter to tem- 
perature conditions explains in many ways 
the cause of its suppression in non-irrigated 
soils, The cause is the unfavorable combina- 


tion of temperature and soil moisture conditions, 
In summer, as well as in late spring and early 
autumn, when the temperature conditions are 
favorable, the moisture deficiency does not 
allow the Azotobacter to develop in the soil. 

In winter, on the contrary, there may be 
sufficient moisture in the soil, but the lack 

of warmth interferes with the creation of the 
complex of conditions necessary for the de- 
velopment of the Azotobacter. Its life activity 
is possible only during a few days, or a week 
at most, in spring or more rarely in autumn, 
when there is precipitation during any part 

of the warm period, These few days are 
apparently sufficient to sustain the existence 
of the Azotobacter in the soil for many years. 
We must also keep in mind that precipitation 
in spring and autumn is usually accompanied 
by a considerable drop in temperature. How- 
ever, a temperature increase during this 
period leads to the rapid drying of the soil. 


Since there are very few Azotobacter cells 
in the soil, these microorganisms do not 
propagate sufficiently rapidly through the 
nutrient medium. This is particularly sub- 
stantiated by our observations on the level 
of development of the Azotobacter during 
the first year of irrigation of new lands. At 
the end of the first year of irrigation the num- 
ber of Azotobacter in such soils usually ré- 
mains very low, from one to tens of cells per 
gram of soil. 


In evaluating the conditions for the Azotobac- 
ter in the soils of the desert zone, we may note 
that many species and groups of soil micro- 
organisms also develop well in winter, for 
instance in the soils of Southern Turkmenia. 
This was experimentally proved by us, particu- 
larly for the group of oligonitrophilic micro- 
organisms (5). Many of the oligonitrophiles 
are the nearest competitors of the Azotobacter 


Table 4 


Development of the Azotobacter and other 


microorganisms at various temperatures 


Number of microorganisms at the end of the 


experiment (in 1000 cells/g of soil) 


Temperature, | Organic matter added Azotobacter | Oligonitrophiles 
e to the soil cat ie : : 

Replicate |, op |__Replicate aAvet: pee 

l 2 age 1 | 2 i 
Control 12,3 | 12,8 | 12,6 | 31-900) 614 500 46 700|110 000 
De Bye Cotton roots 8,8 | 13,1 | 11,0 |232 000 {141 800 186 900 _ 20.000 
eae Sucrose 12'0 | 1028 | 11.4 |125 800 {210 900 [167 900}700 000 
Control 7,11 11,8] 9,5 | 26800] 32600] 29 700] 25 000 
25,0—26,0 Cotton roots OPO?) 45|-oUs onl Zo 000 150 800 |139 900} 25 000 
Sucrose 72 400154 200/63 300) —# | —@ | —® [250000 


4Because of the great development of the Azotobacter 
colonies. Oligonitrophiles were assessed by the method of 
bacter as modified by Fedorova (21) using leached agar. 


peptone water by the titration method, 
Note: Comma represents decimal point. 


it was difficult to assess oligonitrophile 
agar plates on a medium for Azoto- 
The ammonifyers were assessed on 
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as far as sources of carbon nutrition under 
soil conditions are concerned, because they 


are closest to the Azotobacter in their require- 


ments for nutrition conditions. The group of 
oligonitrophiles is very numerous in non- 
irrigated desert soils, These, as well as 
other microorganisms are apparently better 
adapted for multiplication under low temper- 
atures than the Azotobacter and displace the 
Azotobacter from the number of active mem- 
bers of the biocoenosis of non-irrigated 
soils. Therefore, conditions for the preser- 
vation of Azotobacter cells in non-irrigated 
desert soils, which are periodically wetted 
during the cool period of the year, are prob- 


ably much less favorable than in constantly dry 


soil samples kept under laboratory conditions, 
for instance. According to certain data (18), 
the Azotobacter may disappear from desert 
soils within 10-15 years after their irrigation 
is discontinued, 


Other unfavorable conditions in non-irri- 
gated and non-cultivated soils may play a 
certain role in the suppression of the Azoto- 
bacter. However, the Azotobacter develops 
well in non-cultivated, hydromorphic desert 
soils (1, 8, 10,14, etc. ) and does not develop 
in cultivated, but non-irrigated automorphous 
soils (1,9, 11,19, etc. Consequently, the 
main cause of the suppressed condition of the 
Azotobacter cannot be the fact that a soil is 
not being cultivated, 


Conclusions 


The main cause of the suppression of the 
Azotobacter in non-irrigated desert soils 
of Central Asia (of an automorphous nature) 
is the prolonged unfavorable combination of 
their water and temperature regimes, 
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IMPORTANCE OF PEAT IN THE CULTIVATED SANDY SOILS 


M.D. ZHUKOV and F. F. YUKHIMCHUK, Ukrainian Agricultural Scientific-Research Institute 


The utilization of coarse sandy and sandy 
loam soils in agriculture is of great importance 
to the national economy, since these soils oc- 
cupy a tremendous area among arable lands 
in the RSFSR, Ukraine, the BSSR, the Lithu- 
anian SSR, and other Soviet Republics. About 
20% of the area under crops in the Ukraine is 
concentrated in the Polessiye zone alone. 
Sandy and sandy loam soils occupy more than 
50% of the arable land in these areas, while in 
many farms all the arable areas are located 
on such low-productivity soils. 


The low productivity of coarse soils is due 
to their low humus content (0.5%-1.5%), asa 
result of which they have an insignificant ad- 
sorption capacity, poor buffering, a high 
water permeability, and an unstable water and 
nutrition regime. In spite of the large amount 
of precipitation (550-700 mm), agricultural 
plants often lack soil moisture here, 


To improve the water-physical properties 
of sandy soils they must first of all be en- 
riched with organic matter — humus, which 
considerably increases their water capacity 
and the amount of available water to plants, 
This is evidenced by the data obtained at the 
Novozybkov experiment station of the All- 
Union Institute of Fertilizers and Agricultural 
Soil Science from 1949-1951 (Table 1). 


As we can see from these data the amount 
of total and available water in the upper 60 cm 
of the soil in well-cultivated sands with an 
increased humus content of 1.3% is 54 mm or 
540 m3 greater than in non-cultivated sands, 


The systematic addition of organic fertil- 
izers to sandy soils (manure, green manure) 
leads to a considerable increase in their 
productivity, a great accumulation of moisture 
in the root zone, and to its better utilization 
by plants. Thus, the following yields of in- 
dividual agricultural crops were obtained at 
the Novozybkov experiment station during 
the extremely dry year of 1951, depending on 
the addition of organic and mineral fertilizers 
(Table 2), 


The foregoing data indicate that under dry 
conditions the yield of all experimental crops 
was 3-6 times higher in plots to which organ- 
ic fertilizers were added (manure and lupine) 
than in non-cultivated (non-fertilized) plots, 
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while the loss of water per unit yield de- 
creased 2-4 times under these conditions. 
However, as further investigations showed, 
the effectiveness of manure or lupine on 
well-aerated sandy soils increases con- 
siderably when they are used together with 
peat (Table 3). This is attributable to the 
fact that lupine (or manure) mineralizes 
rapidly and almost completely under condi- 
tions in sandy soils, while a large amount 
of the nutrients formed is leached by natural 
precipitation into the deep subsoil horizons 
which are unattainable by the root systems 
of field plants. If, however, they are added 
together with peat, the organic matter 
decomposes more slowly and the nutrients, 
which are gradually being released during 
this process, are more fully utilized by 
plants, 


Taking the foregoing into consideration, 
long-term experiments were made at the ex- 
periment station in 1937 and 1940 to determine 
the influence of peat on the change in the 
water-physical properties and productivity 
of sandy soils. 


The first experiment (started in 1937) 
was made in order to determine the effect of 
large amounts of clay and peat during the 
drastic melioration of loose sand in pine stand, 
The experiment was made against a background 
of 100 metric tons/ha of green lupine manure 
grown on the experimental plot and supple- 
mented with green manure from other plots. 
The foregoing fertilizers were applied in the 
autumn of 1937 and placed at a depth of 18 
cm under the first crop — winter rye. The 
effects and residual effects of the fertilizers 
added in 1937 to various crops were deter- 


mined during the following years (except from 
1941-1943), is ‘ 


The simultaneous addition of 400 metric 
tons/ha of peat against a background of lupine 
increased the yield of rye by 131%, that of 
oats by 118%, and that of alfalfa by 167% in 
the first 3 years as compared to the back- 
ground, Peat had a high positive effect on the 
yield of perennial grasses even in the 9th year 
after it had been added, increasing the yield 
of hay by 50% as compared to the effect of lupine 
alone, The only crop on which peat had no 
positive effect was potatoes, This is attribu- 
table to the fact that the peat used in the 
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Table 1 


Amount of water in sandy soil in relation to its degree of cultivation 


Moisture capaci 


Amount OL water, 


Dean Bulk | Wilting [oof SOUEe mm/ha 
Soil cai ; density, | moisture, 
g/em3 % by by total |, 2vail. 
weight; volume to plants 


Unreclaimed sand with 
0.4% humus 


Cultivated sand with 0—60 1,67 1,03 | 17,13! 28,6 [171.3 461.0 
1.3% humus 0—20 4,5 123122855 |) 822 Se leen ese! Wei 6 
20—40 1.6 ay ey (cia ety eal bly Wate fe oh a 

40—60 1,6 1.2 36,6 | 67,2 | 63.4. 


38,3 |226,2| 214,7 


Note: Comma represents decimal point. 


Table 2 


Influence of the long-term use of organic fertilizers on plant yield in the dry year of 1951 


Yield, cntr/ha 


Water loss per cntr/ha of yield, mm 


Crop Without With Productivity | Without With Productivity 
fertil- fertil- coefficient of | fertil- fertil- coefficient of 
izers izers | fertilizers fertilizers 


Winter wheat 
Potatoes 
Buckwheat 
Millet 


Note: Comma represents decimal point. 


Table 3 


Influence of a 7-year use of alfalfa with peat on the yield of agricul- 
tural crops under rotation 


Yield, cntr/ha 


Fertilizers used on 
fallow Winter wheat| Potatoes | 


Alfalfa (shoot) 
Alfalfa + 40 met./ha of peat 


Note: Comma represents decimal point. 


experiment had a high calcium carbonate con- clay in this experiment (614 metric tons/ha) 
tent (about 10%). which had a negative effect did not have a positive effect and residual 
on the development and yield of potatoes, effect on the yield of the agricultural crops 
grown, in spite of the fact that the water 
The long-term positive effect of peat to- capacity of the soil increased to 27%. This 
gether with lupine is primarily attributable is associated with the high content of available 
to the improvement of the physicochemical aluminum which is detrimental to plants, The 
and moisture properties of sandy soil, which results of the experiment also indicate that 
is evidenced by a sharp change in its water the green manure of lupine, added without 
capacity: from 22.3% to 32.7%. peat, is highly effective only on the first two 
crops (winter rye and oats) and has almost no 
The single application of a large amount of residual effect on the yield of the following crops, 
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Table 4 


Influence of clay and peat on the increase in the productivity of sandy soils 


Relative crop yield, % 


Experimental 
treatments 


Control 

Alfalfa, 100 met. t/ha(bkg). 

Backer. +614 met. t/ha of cla 
Backer. +400 met.t/ha of pea 


Incr, produced by peat 


Note: Comma represents decimal point. 


Moisture 
—]| capacity 
of the 
soil in 
1947, % 


1946, 
erennial 
grasses (hay) 


1944, 
potatoes 


Table 5 


Influence of methods of peat application on the productivity of sandy soil 


Experimental treatments 


Control (bekgr. without peat P,,Kg9) 
Peat, 130 met. t/ha inthe plowed layer 
Same, 130 met, t/ha in a layer ata 


depth of 25 cm 
Peat, 195 met. t/ha in the plowed layer 


Same, 195 met.t/ha ina layer ata 
depth of 25 cm 

Same, 130 met. t/ha in the plowed 
layer + 195 met. t/hainalayerata 


coeur eer tus et. t/ha at a depth of 25 
1: 30 cm 


cm and 130 met, t/ha at 


The second long-term laboratory-field 
experiment on the effect of peat layers (screened) 
on the productivity of sandy soils was started in 
the spring of 1940 in 3 green manure crop ro- 
tation fields. Consideration was given to the 
residual effect on the yield of various crops 
(up to 1953). The peat layers, 4-6 cm thick, 
were incorporated at a depth of 25 and 30 cm 
and their effect was compared with the effect 
of the same amounts of peat added to the entire 
plowed layer (0-18 cm). The actual amounts 
of peat were the same: 130 metric tons/ha 
of aerated peat (with a moisture content of 
40%) for a 4 cm layer and 195 metric tons/ha 
fora 6cm layer. The scheme and results of 
the experiment are presented in Table 5 in 
the form of average relative yields for all the 
years. As'we can see from the data, the addi- 
tion of peat sharply increased the productivity 
of sandy soil, having considerably increased 
the yield of grain crops (winter rye, oats, and 
buckwheat), row crops (potatoes), and especial- 
ly that of hay from perennial grasses. Crop 
yield increased with increasing amounts of 
peat used, 
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Alfalfa 


Relative yield, % of control 
Spring 
grain 
crops 


Perennial 
grasses 


Winter 


heat Potatoes 


Green manure crops (lupine and seradella) 
were an exception, their yield on peat decreas- 
ing Somewhat as compared to the control, 

This negative effect of peat on green manure 
crops is attributable to the same cause as in 
the first experiment, i,e., the addition of a 
large amount of lime with the peat, which 
had a detrimental effect on the development 
of plants sensitive to it. 


When added to the soil, peat has a definite 
positive effect on the water properties of 
sandy soils, Investigations of the water per- 
meability of soils in plots where peat was 
mixed to the plowed horizon and added in the 
form of layers, showed that the latter lowers 
the water permeability of the soil, Thus, water 
from a 22 cm layer in the Doyarenko apparatus 
infiltrated into the soil within 16 min in the 
control plot, within 17 min in the plot where 
peat was mixed with the plowed horizon, within 
22 min in the plot where peat was added in one 
layer at a depth of 25 cm, and within 24 min in 
the plow where peat was added in two 
layers. 
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Table 6 


Influence of a peat layer on the moisture of sandy soil, % of dry soil 


During normal moisture 
conditions, June 12 


Peat mixed 
with soil 


Peat 
layer 


Note: Comma represents decimal point. 


During the experiment with various methods 
of adding peat, observations were made on 
soil moisture during the period of wetting 
and the drought of 1951. The results of 
these observations (Table 6) showed that 
peat layers promote a higher accumulation 
and retention of moisture in the soil than peat 
mixed throughout the entire plowed horizon, 
The advantage of a peat layer is especially 
noticeable during the dry period in summer. 
Moreover, the maximum hygroscopicity of the 
soil treated with peat increased from 0.44% to 
0.96%, while the full moisture capacity of the 
soil increased from 25% to 28.6%. 


During a dry period, 
August 18 


Peat 
layer 


Peat mixed 
with soil 


Observations on the development of the 
root system of plants showed that a large 
amount of fibrous roots, which run through 
the peat aggregates, forms in the peat zone, 


In 1952 the Novozybkov experiment sta- 
tion developed a new effective method of using 
peat to sandy soils together with lupine. 
According to this method 40 metric tons/ha 
of peat are placed in small piles in winter 
on soil plowed in the autumn, These piles 
are scattered over the field in the spring 
and the field is sown with lupine. The peat 
with the lupine is then plowed into the soil in 


Table 7 


Influence of peat with alfalfa on wheat yield 


Experimental treatment 


40 metric tons/ha of peat on pure fallow 


Alfalfa for green manure 


Grain yield, 
entr/ha 


12,0 
19,0 


40 metric tons of peat applied to the sur 


face in spring + alfalfa plowed under in aut, 


21,4 


Note: Comma represents decimal point. 


Table 8 


Effectiveness of the combined use of peat and manure 
on sandy loam soils in the ''Komsomolets" 
kolkhoz 


at Wheat grain 
Fertilizers be entr/ha 


Without fertilizer 

Peat, 36 met. t/ha 
Manure, 36 met. t/ha 
Manure, 36 met. t/ha + 24 
met, t/ha of peat (mixtur 


Incremen:, 
entr/ha 


Note: Comma represents decimal point. 
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autumn, two weeks before winter rye is sown. 
As the experiment showed (Table 7), such 
plowing creates an unusual peat-lupine humus 
in the plowed layer, which is very effective. 


Peat has a positive effect when it is added 
with manure, This is evidenced by numerous 
experiments at the Novozybkov experiment 
station and production experiments at kolkhozes 
located on sandy soils. Thus, the simultaneous 
addition of two-thirds peat and one-third 
manure gave a higher rye yield at the ''Kom- 
somolets" kolkhoz, Novozybkov rayon, than 
when a full amount of manure was used 
(Table 8). 


The higher effectiveness of the simultaneous 
addition of peat and manure, and peat and lupine 
is attributable to the fact that these mixtures 
decompose more slowly in sandy soils than 
manure or lupine alone, while nutrients are 
much better and more fully utilized by the 
plants. 


Conclusions 


1, The results of experiments on various 
methods of adding peat as a fertilizer showed 
that peat is a very important factor in the 
cultivation and increase of the total and 
effective productivity of coarse sandy soils, 
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2, The addition of peat, especially in 
conjunction with manure or with green manure 
of lupine improves the water properties of 
sandy soils, increasing their water capacity 
and decreasing their water permeability. 

This leads to a greater accumulation of 
moisture in the root zone of the soil and to 
its better utilization by plants. 


3. A single application of a large amount 
of peat (130-195 metric tons/ha) ensures a 
considerable, long-term increase in the 
yield of all green manure crops. The great- 
est effect from increased amounts of peat is 
obtained when it is added in the form of a 
continuous layer at a depth of 25-30 cm with- 
out being mixed with the plowed horizon, 


4, The simultaneous application of peat 
with manure or lupine to sandy soil 
enhances the effectiveness of the latter 
considerably, since the decomposition of 
the organic matter in manure and lupine 
is slower than with peat, while the nutrients, 
which are released during this process, are 
more fully utilized by plants. 


Received September 5, 1960 


CHEMICAL AND MINERALOGICAL COMPOSITION 
OF CLAY FRACTIONS IN STRONGLY PODZOLIC SOILS 
IN CONNECTION WITH ELEMENT MIGRATION 


B. P. GRADUSOV and G.S. DYAZDEVICH, V.V. Dokuchayev Soil Institute, Academy of Sciences, 


USSR 


In this paper we discuss the results ob- 
tained from a combined investigation of the 
chemical and mineralogical composition of 
clay fractions, the composition of soil solu- 
tions, and the micromorphology of a strongly 
podzolic soil, 


The subject of study was a soil under green- 
moss spruce-forest in a watershed plantation at 
Moscow University's Zvenigorod Biological 
Station, 


Since the soil in question has already been 
described from many points of view in papers 
by staff members of the soil science faculty 
of Moscow University (6,7), there is no need 
for us to say anything more about its forma- 
tion and general properties than that the profile 
to be described has developed on a double-layer 
deposit. The humic-accumulative (A,, 3-8 
cm) and podzolic (A,, 8-40 cm) horizons are 
formed from the top part of this deposit, re- 
presented by a coarse, silty clay loam. The 
illuvial horizon coincides with deposits of 
boulder coarse sandy loam. 


The coarse silty clay loam is made up of 
poorly assorted and poorly graded grains of 
quartz, feldspars (microcline and plagioclase), 
and biotite. The heavy mineral fraction (specif- 
ic gravity >2.75) consists of hornblende, 
zoisite, garnet, tourmaline, and zircon. 
Corroded phytolitharia often occur in the 
humic-accumulative horizon (Fig, 1, a and b). 


In the boulder coarse clay loam the parti- 
cles are better graded, the sandy fraction 
predominating, and more rounded; they are 
made up largely of quartz and granite frag- 
ments, In mineralogical composition it differs 
from the sandy loam in containing more quartz 
and less feldspar. The feldspars are often 
sericitized. The heavy mineral fraction is 
represented by hornblende, zoisite, garnet, 
tourmaline, and zircon (Fig. 1, c-f). 


The similarity in the heavy fractions of 
the silty clay loam and the boulder sandy loam 
may indicate that the two deposits were formed 
from a single source. The mineralogical com- 
position of the deposit and the roundstones is 
evidence that this source was the acid rocks 
of the Baltic crystalline shield. 
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Micromorphological investigation shows 
the humic-accumulative and podzolic hori- 
zons to be very impoverished in clay material 
(Fig. 1, aandb). Only in the bottom-most 
part of the podzolic horizon are there per- 
ceptible but small accumulations of free opti- 
cally orientated clay, indicating that the 
washing out of fine soil suspensions has 
occurred, Sizeable segregations of optically 
orientated clay in the form of film near the 
primary minerals and of ''sleeves" at their 
junctures can be detected in the illuvial 
horizon, Micropores and cracks in the B 
horizon are sometimes filled up with strongly 
polarized separations of free clay with punctua- 
tions of humic inclusions, The frequent coinci- 
dence of free clay with the channels of plant 
roots and the inclusion of organic matter in 
it are indications of a migration of fine 
clay suspensions in this soil, 


The amount of mobile clay matter in the 
sample from the ortsand interlay was particu- 
larly large (Fig. 1, f). In comparison with the 
encompassing soil mass of the B,C horizon the 
ortsand interlay is distinguished by its high 
content in silty and clay particles and its rich- 
ness in oxidized iron compounds, The ortsand 
in this soil may well have formed as a result 
of the illuviation of iron compounds into a finer 
textured interlayer; the inwash of highly dis- 
persed clay material also plays an important 
part in this. 


Direct observation under the polarized micro- 
scope showed that there was very pronounced 
transport of iron compounds from the podzolic 
horizon. The iron brought up to the top from a 
depth of 40 cm combines with the "free" clay 
and organic matter separating in the form of 
intrusions in the pores and cracks of the 
illuvial horizon. 


The total chemical composition of the 
colloidal clay fractions (Table 1) proved fairly 
uniform throughout the soil profile. The slight 
increase in the sesquioxide content at a depth 
of 60-70 cm as compared with the upper soil 
does not seem to be due to differences be- 
tween the sandy loam and silty clay loam de- 
posits, since the sesquioxide amount is found 
to diminish at a depth of 110-120 cm, This 
is presumably due to an influx of iron and 
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decreases, The colloidal Clay fraction of the 


ortsand interlayer is distinguished by its high 
iron oxide content, 


The figures in Table 2 
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Table 1 


Total chemical composition of the <0,001 mm diameter particles, % of ignited 
matcrial 


SiO; 


3—-8 
25—35 
60—70 
119—120 | 58,2 
110—120 | 50,1 


Note: Comma represents decimal point. 


55,3 
59,9 


50,4 


Ai 

Ae 

Bi 

B.C 
Ortsand 


xchni 
capaci 
meq/100 


Table 2 


Analysis figures for Tamm's extract from <0,001 mm diameter particles % of 
ignited material 


Horizon Depth, cm SiO, 


3—8 
25—35 
60—70 

110-—120 
110—120 


0,88 
0,75 
eet 
1,06 
1,48 


Note: Comma represents decimal point, 


The micromorphological observations dis- 
cussed previously, together with the material on 
total chemical composition of the clay fraction 
and onthe composition of the Tamm's extract from 
the clay fractions, constitute evidence of poe and 
aluminum loss from the podzolic horizon+ as well 
as loss ofclay matter. Inthe illuvial horizon the 
ironand, apparently, the aluminum form intru- 
sions in the micropores and microcracks, along 
with "free" optically orientated clay and humic 
matter. 


The fact that the clay material is undoubtedly 
mobile indicates that its mineralogical composi- 
tion may well be uniform throughout the soil pro- 
files; but we should expect the more highly dis- 
persed clay minerals to move more readily into 
the lower horizons than the less dispersed ones. 


Table 3 shows the values obtained from 
lysimeters over a period of two years. The 
element found in largest quantity in the soil 
solution was potassium (18 mg/liter); the 
elements present in smallest quantities were 
calcium (5 mg/liter) and magnesium (about 
img). There is a fairly high content in 
silica (8 mg) and alumina (4 mg). The soil 
solutions were poorest in iron 10.2 mg). The 
active reaction of the soil solutions was acid 
(pH 4.5-5.0). The content of organic matter 
varied from 10 to 100 mg/liter, the water 


1 This reference is born out by the figures ob- 
tained by K.M. Smirnova for the soil profile de- 
scribed here (7,6). 
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samples from lysimeters from the deeper 
horizons containing the smallest quantities 
of organic compounds. 


Proceeding from the total chemical an- 
alysis of the top (down to 40 cm) part of the 
soil profile given in one of our previous 
papers (2), and the average amount of each 
element obtained in the soil solution, we 
classified the elements in order of relative 
mobility as follows: K > Ca> Mg > Si> Al 
= Fe; 


The order of relative mobility of the ele- 
ments, taken together with the data discussed 
above, indicates that all of the elements, in- 
cluding iron and aluminum, in the podzolized 
horizon of the soil described are highly 
mobile. The silicate silica is lost by the 
podzolic horizon, This bears out Rode's 
well known contention (5) that there is a rela- 
tive accumulation of residual quartz in the 
A, horizon, with the result that it is difficult 
for new clay to form in this horizon (a con- 
clusion recently reached by Barschad (8) by 
a different method), while the present com- 
position of its silicate part is determined 
first by the initial mineralogical composition 
of the colloidal clay and secondly by consecu- 
tive or staged modifications of the clay min- 
erals (13). The much higher mobility of 
silica as compared with the alumina indicates 
that these changes were in the direction of a 
relative accumulation of clay minerals with a 
narrower SiO,:AL0, ratio. The high mobility 
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Table 3 


A «ja A 
Chemical composition of soil solutions of strongly podzolic soil’, mg/liter 


Depth of 
lysimeter, 
cm 


Organic 
matter 


10 | 
Average over two 
growing periods 


4~,verage determinations of the content of each element in samples taken in May, June, 
July, August, September, and October of each year (in duplicate). 


Note: Comma represents decimal point. 


of potassium, magnesium, and iron however suspensions of clay minerals. We may as- 

indicates that minerals of the hydromica sume that of the clay minerals in podzolic 

type are unstable. Moreover, the mineralogi- soils, represented by montmorillonite and 

cal composition of the colloidal clay in the kaolinite, the former, being the most highly 

podzolic horizon is due, as we have already dispersed, will also be the one most intensively 

noted, to the removal of highly dispersed removed from the podzolic horizon. Both the 
Table 4 


Mid-band distances of orientated (by pressure) aggregates of clay fractions of strongly 
podzolic soils (FeK radiation, t = 6h) 


A, 3—8 cm A, 25—35 cm b, 60—70 .cm B,C, 11u--120 €m |Ortsand }}y—1904a 
ne te 2 eae m oa Sam Sam 
(A) pie d ( I ejd(A I le 
No. No. , No. No. pall ‘ ze | Sait) : 
(17,3) © (46,8) (17, 18) (47,3) (17,4) 
4°( 414,78 "196.| 1,114,861 Guo 1 114,40 saga eetartanS 
207523 51262 |" 7419 7) 5 1a | 7 10a em aod i ; rie ‘t 
3.)-8,085) 2163 | 5,41 | 22.1 3.15.91 [eat aol Renae me etee ares gael ies 
A} 455201 3] 4) 4,58 154/04) 4.6600 acme eee ugh meen eee mir Gag tlaers 
Shi As2B oh Al | 4,36 a8 iS:l 4 iil sel ee) ae ee aie, onal 
6. | 3,56 |) 340-6) ) $3,6teelseer let 6s] 3.52 |Meat G yee eee an eg 
71) 3,3t | 9 7 | 3,272) 79187) 3,30 | 6 le 7s pet lmea dete hh ose) ae 
8} ° 2,72 | 5) 8 2 et) 2) “eel 9°81 ea ieee ogee ie ml seen lame 
O71" 2,541 41) 912,49) JF) SON 9-53 | Bb] ryan eee een 
10.) 962,31) | -2 | 10.) 2,40, 1231405) 9136 | osteo iena| eae eee ae 
M1242 (A | At 2,18 lS It 9 8) ead dia eon goals alpen eas A 
12) 2,00 | 3/12]. 2,04 | 2/421 2\12 | 5 [49 lestog la a4) 490 Ieosootl a 
fo] 2 B50) 5113] 94,86 | ht.) 1,78 tj aeol ae | derae| made SoM me 
44 [1,68 6) 14) 1,749 1 4 14a] 165 te |g lig eee, Wega en laes 
LGA ety 51. }fer39| ra — LS 1,57. St er eereys ae) esa iy ae eet eee 


AVisual intensity, 10-division scale 
Orientated sample saturated with glycerol 


Note: Comma represents decimal point. 
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removal of clay mineral suspensions and their 
subsequent weathering are obviously processes 
making for similar results, namely an alter- 
ation in the composition of the clay fractions in 
the directions of lower potassium and mag- 
hesium content, a narrower SiO,:AL 0, ratio 
and a lower exchange capacity or, in other 
words, a relative accumulation of kaolin type 
minerals (1:1), Although probable in itself 
this hypothesis must be supported by the 
results of direct determinations of the 
mineralogical composition of the clay frac- 
tions and we shall now go on to consider these. 


X-ray investigations of the clay fractions 
showed that all the samples were fairly alike 
in mineralogical pret se (Table 4). The 
14,5-15.0 A, 4.5-4.6 A, and 2,6-2.8 A lines 
come out clearly on the X-ray photographs. 
The 17-18 A reflection appears on saturation 
with glycerol, indicating the presence of mont- 
morillonite. The peak amount of this mineral 
is found in the B, horizon. A kaolinitic min- 
eral, which is the second component of the 
crystalline phase of the fractions <0.001 mm 
in diameter in the soil studied, can be identi- 
fied from the mid-band distances 7.1-7.2 A, 


$25 


that its crystalline phase consists of at least 
three clay minerals. The basal reflection at 
14.8 A (17.4 A with glycerol saturation) indi- 
cates the presence of a mineral of the mont- 
morillonite group. A mineral of hydromica 
type can be identified at mid-band distances 
of 9.8 Aand 4,9 A, The reflections at 7.2 A, 
3.6 A, and 2,4 A indicate the presence of a 
kaolinitic component, 


The results from thermographic investiga- 
tions corroborated the conclusions previously 
reached on the basis of the X-ray data (Fig. 

2). The endothermal effect at 100-120°C, which 
covers a considerable area, indicates the pres- 
ence of a large quantity of hydrophilic com- 
pounds in the composition of the clay frac- 
tions. Inthe sample from the A, horizon 

these are represented by organic and organo- 
mineral compounds, in addition to the clay 
minerals, which are not destroyed by treat- 
ment with H,O,. This is borne out by the 
presence of a sizeable exothermal peak at 
325°C. If, however, we allow for the low 
organic compound content in the clay fractions 
from the subjacent horizons, we must assume 
that the peak at 100-120°C is due to the pres- 


100 


J2S 


y 


545 


950° 


100 


Fig. 2. - Thermograms of <0.001 mm diameter fractions (3 
g sample treated with H202 rate of heating 10-12°C per 
min, 


a - Aj horizon; 3-8 cm; 


B; horizon, 60-70 cm; 


3.5-3.6 A, and 2,3-2.4 A. The largest amount 
of this mineral was found in the colloidal clay 
sample from a depth of 3-8 cm. 


The X-ray pattern for the clay fraction 
separated from the ortsand interlayer show 


b - A2 horizon, 25-35 cm; 
d - Bgl horizon, 110-120 cm. 
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ence of a mineral of the montmorillonite group. 
There is further evidence for this in the pres- 
ence of an endothermal peak at 860-890°C, The 
smallness of the peak at 860-890°C, along 

with a certain sharpening of the effect at 550- 
580°C, indicates the presence of a mineral of 
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Fig. 3. - Electron-microscope photographs of <0.001 mm diameter 
Fractions (X 1800, EM-3 instrument) 

a - A) horizon, 3-8 cm; b - Ay horizon, 25-35 cm; c = By) hori- 

zon, 60-70 cm; d - BoC horizon, 110-120 cm; e - ortsand, BoC, 


110-120 cm, 
the kaolinite group, and so bears out the X- A, and A, horizons shifts into the high-temper- 
ray findings. Since the second endothermal ature region we must assume that there is 
effect of the colloidal clay samples from the more kaolinite here than in the B, and B, horizons. 
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The presence of a slight endothermal effect 
at 300-315°C on the thermograms relating to 
the clay fractions of the samples from a depth 
of 60-70 cm and 110-120 cm indicates the 
presence of goethite. 


Electron-microscopic investigations show 
that there are considerable quantities of parti- 
cles of colloidal dimensions of the <0.001 mm 
in diameter (Fig. 3). Fragmental forms of 
clay minerals predominate. The electron 

“microscopic results bear out the clay mineral 
determinations based on thermal analysis and 
X-ray data. The presence of montmorillonite 
in the form of compact articles measuring 
1,0-0.5 » with "eroded" edges (Fig. 3, c-e) 
was established from the electron microscope 
pictures, Fairly compact fragments of min- 
erals, sometimes with an angle between the 
faces proper to kaolinite also enter into the 
composition of the colloidal clay fractions 
(Fig. 1, a,b). The transparent fragments of 
Ses shapes represent hydromicas (Fig. 

BaCsC). 


The values for the chemical composition of 
the clay (Tables 1 and 2) are consistent with 
the idea of a montmorillonite-kaolinite associa- 
tion of clay minerals in the colloidal frac- 
tions of the strongly podzolic soil. The 
Bos a0 molecular ratios vary from 2.5 to 
2.7 an the exchange capacity of the clay frac- 
tions does not exceed 55 meq. Both the chemi- 
cal analysis and the X-ray investigation reveal 
the presence of considerable quantities of 
hydromica in the colloidal clay fraction from 
the ortsand interlayer. The values for the 
exchange capacity of the colloidal clay frac- 
tions are consistent with the X-ray and thermo- 
graphic patterns, which showed the top part of 
the soil profile to contain kaolinitic mineral. 
Despite the presence of organic matter in the 
clay fraction with the A, horizon, exchange 
capacity proved lower than in the A, and B 
horizons. 


The clay fractions of this strongly podzolic 
soil seem to consist mainly of montmorillonite 
and kaolinite. Apart from the clay minerals, 
goethite and "readily mobile gels" of sesqui- 
oxides are present in these fractions. In the 
fraction <0.001 mm in diameter separated 
from the ortsand interlayer the hydromica 
content is considerable; so too is the content 
of "readily mobile" iron compounds. 


The distribution of the clay minerals down 
the soil profile indicates that there are no im- 
portant differences of mineralogical composi- 
tion between the clay fractions from the silty 
clay loam and those from the boulder sandy 
loam. It was established that the kaolinite 
content in the top part of the soil profile 
(3-8 cm) increases and that the montmorillonite 
increases in the B, horizon. The largest amount 
of "readily mobile gels" of iron and alumina was 
found in the illuvial horizon, Goethite is pres- 
ent in this horizon (Fig. 2). 


As compared with the podzolic soils studied 
by Gorbunoy (1) the strongly podzolic soil of 
the Zvenigorod Biological Station has a low 
content in hydromicaceous minerals and a 
considerable amount of kaolinitic mineral, 
with some accumulation of the latter in the 
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top part of the soil profile. 


We established a similar picture of the min- 
eralogical composition of the colloidal clay 
fractions and its variation down the profile 
in the case of a coarse textured podzolic 
soil from the Karelian Isthmus (3), The 
accumulation of a kaolinitic mineral in the top 
part of soils has been described in the literature 
more than once (8-11). This effect seems to 
be fairly common in nature. 


The following picture of the chemical and 
mineralogical composition of the clay frac- 
tions in a strongly podzolic soil emerges from 
the data discussed previously. The clay ~ 
material is lost by the podzolic horizon, partly 
because its fine suspensions are removed and 
partly through subsequent weathering of the 
silicates contained in it. Clay minerals re- 
veal different degrees of stability during 
podzol formation, Of the three minerals, 
hydromica, montmorillonite, and kaolinite, 
the last-named is the most stable. Consistently 
with the high migration capacity of potassium, 
magnesium, and iron, the hydromica content 
is lowest, despite the presence of huge reserves 
of primary minerals, many of which can be 
direct sources for the formation of this mineral. 
The distribution of the montmorillonite mineral 
down the soil profile indicates that it is less 
stable than kaolinite. This is probably due to 
its high degree of dispersion. We can also 
assume a connection between the low content 
of the A, horizon in this mineral and the intensive 
transport from the soil of elements of the first 
= second Polynov orders (4) and also of 
silica. 


The order of relative mobility of the ele- 
ments set out previously and the mineralogical 
composition of the clay fractions indicate that 
podzol formation makes for a relative ac- 
cumulation of clay minerals with a low potas- 
sium and magnesium content, a narrower 
SiO,:ALO, ratio, and a iow exchange capacity. 
In the illuvial horizon the clay fraction is en- 
riched with "readily mobile gels" of iron and 
alumina, The presence of goethite has been 
established. The montmorillonite content in 
this horizon is higher than in the podzolized 
horizon. 


Conclusions 


1, The clay material of a strongly podzolic 
soil is mobile. In the lower part of the A, 
horizon, and especially in the B horizon, it 
separates into optically orientated shells 
around particles of the primary minerals and of 
"coatings" at their wedges, and intrusions in 
the micropores and cracks in combination with 
organic matter and iron, 


2. In the podzolic horizon the relative 
order of mobility of the elements is K > Ca > 
Mg > Si> Al = Fe. In this horizon all ele- 
ments except the quartz silica which shows 
a relative accumulation, prove highly mobile. 


3. The composition of the clay fractions in- 
cludes clay minerals (montmorillonite 
and kaolinite with a slight admixture of hydro- 
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mica), amorphous iron, and alumina com- 
pounds, goethite and organic mineral com- 
pounds. The total chemical composition of 
clay is characterized by a low potassium and 
magnesium content and a SiO,:R,O, ratio of 


4, There is a relative accumulation of ka- 
olinite in the top part of the podzolized hori- 
zon, An increased content in montmorillonite 
and in the amorphous R,O, compounds was 
found in the illuvial horizon and goethite 
was detected. The clay matter of the ortsand 
interlayer shows a high hydromicaceous 
mineral content. 


Received November 24, 1960 
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SOME PHYSICAL AND CHEMICAL PROPERTIES OF 
DARK COMPACT MEADOW SOILS IN THE 
VOLGA-AKHTOBINSK BOTTOMLANDS 


V.P. BOBKOV, Stalingrad Experimental Melioration Station 


In the Volga-Akhtobinsk bottomland, particu- 
larly its northwestern part, there are large 
areas of dark, compact, alluvial meadow 
clays. These peculiar bottomland soils have 
been studied little. Crop yields from them 
are often low. 


Comparatively little has been written about 
these soils (2, 3, 4). interesting through they 
are both from the genetic and from the economic 
point of view. Compact alluvial soils generally 
form when there is temporary excess surface 
wetting in a central bottomland plain with small 
hummocks here and there, under asparagus- 
sedge-couch grass associations. During the 
low water period ground waters lie at a depth 
slightly below 2 m; their mineralization 
varies from 0.4 to 3 g/liter, and the type of 
salinization is usually sulfate-magnesium- 
calcium. 


The soil profile is differentiated into well- 
defined genetic horizons. The humic horizons 
usually vary in thickness from 40 to 70 cm 
and are dark gray with a bluish tinge caused 
by the ferrous oxides formed when the soil 
profile is insufficiently aerated (gleization). 


The morphological characteristics of these 
soils can be seen from a description of a pro- 
file in the northwestern part of the Volga- 
Akhtobinsk bottomlands, 900 m to the south 
of the southern boundary of the "III Reshay- 
ushchiy"' farm, The gentle slope of plowland 
has a southwestern exposure. The ground 
water lies at a depth of 2.5 m. 


A 0-26cm. Dark gray, dry and compacted 
on top, damp, clayey, compact, porous-granu- 
lar-blocky and vertically fissured below, with 
small roots. Transition distinct. 


B 26-28cm. Dark gray, with slight 
bluish tinge, wettish, clayey, very compact, 
vertically fissured, lumpy-nutty; structural 
units can be broken down only by mechanical 
action; has a sheen-like luster. Transition 
gradual, 


CB 68-102 cm. Brownish-yellow with dark 
tongues of humus, damp, fine clay loams, 


‘The analyses were performed at the Southern Gyp- 
sum Trust laboratory. 


757 


compacted, blocky-nutty, occasional ocher 
patches of iron, Transition gradual, 


C, 102-125 cm. Grayish-yellow, damp, 
coarse clay loam, sandy loam in lower part, 
slightly compacted. Very occasional 
ocher patches of iron, Transition gradual. 


C, 125-175 cm. Brownish-yellow, fine 
sand with rare ocher patches, Transition 
gradual. 


C, 175-300 cm. 
sand, wet. 


Grayish-yellow, medium 


As regards the texture of the top horizons 
these soils belong to the coarse and medium 
clays (Kachinskiy's classification). The values 
in Table 1 indicate that the top horizons, to 
a depth of 70 cm, contain more than 50% of the 
clay fraction. This high clay content, found 
in all compact soils, makes them tightly sealed 
and gives them unfavorable water-physical 
properties, 


When the soil horizons are dry, compaction 
usually starts to become significant once there 
is a clay content of 30%-35% and it becomes 
intense when the clay content is over 50%, 

In giving prime importance to a high clay 
content in the formation of compact horizons, 
however, we must not ignore other accompany- 
ing factors which tend to increase compaction. 
We can assume that a high degree of compac- 
tion and deterioration of the water-physical 
properties of the humus horizon are due to 
attachment of the soil particles to poorly water- 
soluble chemical compounds, primarily Fe(OH),. 
"With excessive wetting, reduction processes 
develop in the soil, accompanied by the forma- 
tion of water-soluble ferrous oxides, which im- 
pregnate the aggregates together with the soil 
solution" (1). On drying out, the ferrous oxide 
is converted into the ferric form. 


The cementing process described by 
Kachinskiy (1) seems to be an extensive phen- 
omenon in the formation of compact soils under 
the conditions of the Volga-Akhtobinsk bottom- 
lands. Immediately after the spring rains, for 
example, one finds indications of excessive 
wetting, gleization, and marked stickiness in 
the profile of the compact soils. Towards 
autumn, when the flood-waters disappear and 
the ground waters are so reduced as to have no 
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Table 1 


Particle-size analysis of dark compact meadow bottomland clay soils (%, Kachinskiy method) 


Losses 


Particle diameter, mm 


Depth, 
cm 


on treat- 
ment with| 9,25 
HCl 


1.36! 
9,20 
Dae 
34,39 
Sy oe 
60,12 


5,32 
7,33 
21,65 
34,74 
58,54 
34,89 


0—26 
26—68 
68—102 

102—125 
125—175 
175—300 


0—29 
2948 
| 


4,12 
4,67 


48—82 

82—118 
118—185 
185—280 


Note: Comma represents decimal point. 


influence on the wetting of the surface soil, 
considerable changes occur in the soil pro- 
file. The high summer air temperatures, 
combined with low rainfall (mean July-August 
temperature is +24-25°C, precipitation 23- 
26 mm) make for rapid drying of the soil 
surfaces, This in turn causes intensive 
cracking. The ferrous oxide is partially con- 
verted into ferric oxide; in the presence of 
high clay content the soil becomes strongly 
compacted. 


The slightly lower degree of compaction 
and better water-physical properties of the 
topmost layer, despite the presence of a 
larger amount of clay fraction in some cases, 
in our opinion is due to the meliorative action 
of the plant root system and the biochemical 
activity of the microflora (Table 2), 


The humus content of the plow layer 
usually varies from 3%-5%, decreasing to 
2%-2.5% in the B horizon, 


The distribution of nutrients down the pro- 
file follows a similar pattern. The plow layer 
contains 6-12 mg of available phosphorus 
and 5-9 mg of potassium per 100 g of soil, 
and 0.17%-0.23% total nitrogen. In the B 
horizon the available phosphorous content is 
less than 6 mg per 100 g of soil, the potas- 
sium content less than 5 mg, and the total 
nitrogen 0.11%-0.16%. 


The poor supply of available forms of 
potassium and phosphorus in compact soils 
indicates a need for organic and mineral fer- 
tilizers. 


The higher humus and nutrient content in 
the top horizon as compared with the lower 
horizons is due to the poorer penetration of 


0,25—0,05 
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0,05—0,01 


(0,01—-0,005 | 0,005—0,001} <0,001 | <0,01 


13,20 
10,24 
7,20 
3,44 
1,44 


59,92 
52,43 
34,25 
18,47 
4,44 
3,79 


12,08 
13,04 
9,20 
8,40 
2,96 


52,76 
55,96 
52,12 
29,59 
9,76 
hy a 


24,18 
17,13 
11,91 
2,24 
246 
1,36 


the plant root system and sharp deterioration 

of the water-physical properties.of the subjacent 
horizons, accompanied by greater suppression 
of microbiological activity. 


As Table 3 shows, the ''compact" B horizon 
which has the highest bulk density (1.60 g/cm’) 
and the lowest porosity (40%), possesses 
particularly unfavorable water-physical proper- 
ties. Specific gravity increases from 2.4 in 
the A horizon to 2,71 in the C horizon. Maxi- 
mum hygroscopicity and maximum field mois- 
ture capacity diminish with depth: the former 
from 13.0% to 6.1%, the latter from 39.0% to 
18.0%. This is due to the decrease in humus 
content and coarser texture with depth. As 
regards content in soluble salts, one finds 
both practically non-salinized soils in which 
the dry residue does not amount to 0.1% 
(profile 47), and salinized soils with a dry 
residue of more than 0.8% (Table 4). 


Salinization is usually of the sulfate type. 
In all profiles the predominant anion is the 
SO;, which, in the horizons where salt 
accumulation is intensive, amounts to 10-12 
meq/100 g of soil, The HCO,- content is 
lower and the Cl- lower still. 


Of the cations, Ca** occurs in greatest 
quantities (up to 7 meq in the salt-accumulat- 
ing horizons) Mg*+ and Nat in smaller 
amounts, the prevalence of one over the other 
often varying from one horizon to another. 


If we trace the variation in cation and anion 
content along the soil profile we find the 
following pattern emerges: from the ground 
waters upward the content of water-soluble 
salts gradually increases, to reach a peak at 
a specified depth (48-82 cm in the case of 
profile 673, 30-67 cm in profile 628), and 
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Table 2 


Chemical analysis of compact soils 


Available 
Humus 
Horizonand | (Tyurin | dahl po, (Ar- | Potassium 
depth, cm | method), renius meth, )]|  (Peyve 
method) 


Mg per 100 g 


A 0—25 
BC 25—42 
B 42--52 


_——— EE 
$$ 


A 0—29 
B 29—48 
BC 48—82 


A 0—23 
B 23-—42 
A 0—26 
B 26—68 
BC 68—102 


Note: Comma represents decimal point. 


Table 3 
Water-physical properties of dark compact coarse clay meadow bottomland soil 


: ; ae : Maximum Maximum 
Genetic Depth, bas heen pon ee hygroscopi- | field moist, 
horizons cm g/cm gravity fy city, % capacity, % 


Note: Comma represents decimal point. 
Table 4 
Analysis of water extracts of dark compact meadow bottomland clay soils 


In meq per 100 g of soil 


Mgtt | Nat+ K+ 
by differ, 


0—26 |0,0600 
26—68 |0,0800 
68— 1020, 0860 


102—125|0,0700 


Q—29 |0,0620 
29—48 |0, 3600} : 
48—82 |0, 8380 
82—118]/0, 1960 
418—185|0, 1180 
485—280|0 .0300 


Ripe dst 
OwWOCSIO 
wWaecwo co 
IWOIe eH Bie 


Note: Comma represents decimal point. 
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decreases again towards the surface. 


The precipitation of salts from solution occurs 
as a function of their solubility and of the mois- 
ture content in the soil at the point where the 
soil and ground waters, rising by capillarity, 
reach the dry horizons of the soil and evaporate. 


The carbonates (CaCO,, MgCO,) are pre- 
cipitated first and the sulfates (CaSO,, MgSO, 
and a certain amount of Na,SO,) slightly later, 
but the soil solution does not yet reach the 
saturation limit in regard to monovalent 
metal sulfates and is concentrated slightly 
above the calcium and magnesium sulfate 
maximum, while the (Ca*t + Mg++): Nat ratio 
diminishes, 


Analysis of the water extracts shows that 
the greater accumulation of monovalent Nat 
as compared with Catt and Mg++ occurs in 
the topmost horizons (profiles 89, 673, 628) 
where there is naturally also a greater possi- 
bility for the Nat to penetrate the adsorption 
complex of the soil. 


A further interesting point is that in the sur- 
face horizons of salinized compact soils in em- 
banked bottomlands, the accumulation of mono- 
valent sodium sulfates is more pronounced 
than in similar soils in areas which are not 
embanked. This can be traced by comparing 
profile 628, which is situated in a non-em- 
banked area, with profile 89, where the land is 
banked up (see Fig. 1). As regards water- 
soluble salt content, both profiles should be 
classified as medium-salinized (maximum salt 
content in profile 628 is 0.710%, in profile 
89, 0.592%), 


In the B horizon, profile 628 contains 7.22 
meq Ca*+, 2,294 meq Mg*t, and 1.173 meq 
Nat. The corresponding values for the B 


horizon in profile 89 are 0.893 meq Ca**, 0.896 
meq Megt+, and 6,829 meq Nat. 


The accumulation of monovalent sodium sul- 
fates in the salinized soils of the embanked area 
is due to the absence of leaching by flood waters, 
which often makes for an appreciable lowering 
of productivity in embanked soils. The data for 
the water extracts, cited previously, show that 
salinization of embanked areas, to judge from 
the quantity of dry residue, is similar but 
that the quantitative ratios between the salts 
often vary greatly. 


Analyzing the values shown in Table 5 one 
readily sees that the sum of adsorbed Mgt* 
and Cat+ in the top horizons reaches high 
values and varies from 49.89 meq to 56.05 
meq/100 g of soil. The increased content in 
adsorbed Mg++ is noteworthy, the amount of 
this element in the surface horizons of com- 
pact soils varying from 10.4 to 24 meq/100 g of 
soil, or 22% in the first case and 96% in the 
second case of the adsorbed Ca++. 


The amount of adsorbed Nat (2.6%-5.5% of 
adsorption capacity) makes it impossible to 
speak of clear solonetzization of these soils, 
but it should be assumed that when the clay 
fraction in the surface horizons is large 
(more than 42%-45%) the presence even of 
small amounts of adsorbed Nat must in some 
measure make for deterioration of the soil's 
agriculturally useful physical properties. 


Conclusions 


1. Dark meadow bottomland and compact 
clay soils are common in the Volga-Akhtobinsk 
bottomland, especially in its northwestern 
part; these soils form under conditions of 
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WW8 642024 6 8 0 meq 
PPS 


g 


SEES 


ran 


tyrariei 


: 
ra 


Se ram 


a a as 
etry 


Fig. 1. - Salinized soil profiles: 
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: A - in embanked area, 
B - in non-embanked area, profile 628. 


2 


— ww ae 
2 
a Str 


o 777, BHO, Sc 


profile 89; 
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Table 5 


Composition of adsorbed bases in dark compact meadow bottomland clay soils 


45,388 
40,614 
27,346 


10,667 
10,469 
6,925 


56,055 
52,080 
34,271 


23,685 
24,516 


28 ,923 
25,374 


12,352 
14,499 


Note: Comma represents decimal point. 


temporary excess surface wetting in an 
enclosed level bottomland, 


2. The amount of humus, total nitrogen, 
and available phosphorus decreases with 
depth down the profile in these soils, owing 
to the deterioration of their water-physical 
properties, the weak penetration of the 
plant roots, and the suppression of micro- 
biological activity in the B horizon. 


3. The heavy compaction of the soil profile 
is due, in varying degrees, to the high clay 
content (>40%-45%) and also the cementing 
of soil particles by iron hydroxide and the 
presence of monovalent sodium in the soil 
adsorption complex, 


4, Compact soils possess unfavorable 
water-physical and agricultural properties, 
and therefore cannot give high, stable crop 
yields in their present form. 


The somewhat better properties of the 
surface layer of these soils is due to the 
meliorating effects of the plant roots and 
the biochemical activity of soil microflora. 


5. Comparing the salinized varieties of 
compact soils formed under embankment con- 
Jitions with those found in a non-embanked 
oottomland, we see that sodium sulfate 
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accumulation in the soil profile is more in- 
tensive in the embanked parts. 


6. When compact soils are brought under 
cultivation, the following measures are neces- 
sary in order to improve their qualities: 
application of organic and mineral fertilizers, 
adding sand, gradual deepening of the plow 
layer, with successive and as frequent as 
possible cultivations (disking and harrowing) 
to improve the aeration of the surface hori- 
zons, and the sowing of perennial grasses. 


Received September 7, 1960 
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SOIL-FORMING PROCESSES IN THE CENTRAL PART 


OF THE AMUR-ZEIA INTERFLUVE 


YU. A. SLAVNIY, V.V. Dokuchayev Soil Institute, 


The soils of the Amur-Zeia interfluve were 
hardly studied at all until recently. Detailed 
investigation of the region's soil was started 
by the Main Resettlement Board and the Amur 
expedition in 1908-1912. Summarizing the 
research material at that time, Glinka (3) 
wrote: ''The soils of the Amur region belong 
almost exclusively to two groups, podzolic 
and bog."" By 1937, however, Liverovskiy 
(6) turned his attention to the peculiarity of the 
weathering and soil-forming processes in the 
Upper Zeia region. In particular he noted that 
the soils had features similar to those of 
regions with a warm temperate and humid cli- 
mate, 


In recent years, mainly as a result of work 
done by joint expeditions of the Council for the 
Study of Productive Resources and Soil Insti- 
tute of the Soviet Academy of Sciences in 1953- 
1959, the Amur soils became the subject of 
all-round and thorough study for the first time. 
New data made it imperative to review existing 
opinions about the nature of the weathering 
and soil-forming processes. On the basis of 
these investigations we must regard the group 
of brown forest soils (8) as the zonal group 
of Cis-Amur and Primor'ye forest soils, al- 
though some soil scientists still adhere to the 
former idea that sod-podzolic soils are the 
zonal type of forest soils here (12). 


During the field seasons of 1957-1959, a 
joint soil-melioration detachment of the Coun- 
cil for the Study of Productive Resources forming 
part of the Amur expedition worked under the 
direction of V. A. Kovda in the center of the 
Shimanovskiy district of the Amur province, 
with the aim of obtaining a more detailed 
description of soil formation in the Cis-Amur 
region. The soil-forming processes were 
studied in the central part of the Amur- 

Zeia interfluve. This central part belongs to 
a coniferous-broadleaf subzone, transitional 


between the south taiga and the broadleaf forest 
zone, 


As regards area, forests predominate here, 
Pine-birch-larch forests with underbrush of 
hazel and Dahurian rhododendron are wide- 
spread in the divides and on the slopes, where 
clay and clay loam lying, near the surface, on 
sand are the soil-forming parent material. The 
grass cover in such forests is somewhat sparse 
and consists of various grasses. In the level 
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watersheds and on the gentle slopes, where 
thick layers of sand are the soil-forming parent 
material, there are extensive birch and larch- 
birch forests. In such forests there is usually 
a very generous grass cover of sedge and 
beach grass. 


The soil study was based on selected per- 
manent plots, each consisting of about 150 
ha, which were made the subject of soil sur- 
veys (scale 1:10,000). One of the permanent 
plots ''Krasnaya Zarya,"' consisted of a northern 
exposure slope, running 2-3° from the water- 
shed to the bog bottomland of the Vtoroy 
Ivtugan River. Here the soils are mainly brown 
forest podzolized, under pine-birch-larch. A 
second plot, "Belovezh, '' consists of a south- 
western exposure slope, running 1-2° from 
the watershed to the bog bottomland of the 
Urga River. Here, brown forest gley pod- 
zolized soils form under a thinned birch 
forest. The profiles of the soils studied are 
described below. 


Profile 82, Krasnaya Zarya. Mixed pine- 
birch-larch with hazel and Dahurian rhododendron 
underbrush, The grass cover consists of a 
mixture of lespedeza, lily. of the valley, shin- 
leaf, stoneberry, broadleaf ladybell and other 
grasses, providing a 50%-60% cover. The soil 
is brown forest podzolized. 


A, 0-1(2) cm, Strongly carbonized dry 
undergrowth of needles, leaves, grass and twigs. 


AsA, 2-10 cm. Moistened, dark gray, 
strongly penetrated by plant roots, poorly 
mineralized, loose. Transition clear. 


A, 11-24cm, Moistened, light gray to 
straw-colored, with brownish tinge; coarse clay 
loam, stratified, unstable blocky-porous 


structure; loose, many tree and grass roots, 
Transition clear. 


B, 25-44cm. Moistened, brown fine clay 
loam; compacted, loose-blocky structure, 
plant and grass roots. Transition gradual, 


B, 45-66 cm. Moist, straw-colored and 
brown, fine clay loam; unstable nutty struc- 
ture, compacted, some lenses of sand, few 
roots. Transition with tongues, gradual, 


BC 67-86 cm, Moist, dark-straw colored- 
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brown, with gray and rusty patches of iron 


and dark spots of manganese; fine clay loam; Hh iS FE] onono 
compacted, small nutty, porous, isolated S| SB | ocaaud 
roots. Transition gradual in the forms of S| Y Poe 
tongues and pockets, % 

2, 

_C 87-143 cm. Damp, unevenly colored 3/58] ~nwces 
with rusty and blue patches of iron and dark lS El geyese 
intercalations of lacustrine humus; fine clay 
loam; lumpy-nutty structure, ortstein, 
powdering of SiO, on faces of structural 2 
units. Transition uneven, abrupt. Sac ee eS 

GS Be ScOntNS 


D below 144cm. Damp, straw colored- 
rusty with bluish intercalations, medium 
granular sand. 


- me ee 


Total 


These soils present good natural drain- 
age, since at a depth of 10-150 cm they are 
underlaid with sand. 


t seens 
Profile 41, Belovezh. Thinned birch 2 SSNS 
forest. Grass cover a mixture of beach grass, & ® 
burnet, false hellebore, cinquefoil, sedge S E 
and others, providing an almost 100% cover. n 4 
Soil, brown forest gley podzolized. af|sl + SSSS8s 
Ce es Sooo 
A, 0-icm. Moist, carbonized litter of ld Bs 
leaves and grass. S ole 
N o 
A,A, 2-5cm. Moist, dark cinnamon- ae (ral his =} Seale 
brown, heavily sodded, fairly compact. Trans- ® Ee a 
ition gradual. ed ko 
A 6-12 cm. Moist, grayish brown fine a & aD auton 
clay \olm, small blocky-granual structure, A "oe Pes eee kg 
compacted, penetrated by grass roots; fine Eee a Ber aS 
ortstein grains occur. Transition gradual, Be 
conspicuous. ‘S be a Gee 
4 a 8 oom OM 
A,B, 13-22 cm. Damp, light brown, g 8 CTH ODO 
clayey, blocky-porous structure, compacted; R= ? Sra: 
many roots; fine grains of ortstein occur; slight . 
gleization traceable. Transition gradual. g wet PO ee 
) c= Neil Sa Mari ole) 
B, 23-41 cm, Wet, water trickles from we SB Owes 


walls of profile, dark brown, clayey, com- 
pacted, blocky-granular structure; ortsteins, 
quartz particles on faces of structural units, e 

small rusty and bluish patches of ferrous and He Dee eee 
ferric iron, a good many tree and plant roots. = 

Transition gradual. 


pH 


B,(g) 42-66 cm. Wet, dark brown, gleyed oer bee 
in patches, clayey, compacted, blocky-granu- ESES | © ANNN | 
lar structure. Ortsteins, few roots. Transi- fel acoc]5o 


tion gradual, conspicuous. 


BC(g) 67-87 cm. Wet, dark brown, with 


~ 
bluish and rusty patches of iron, clayey, a CRN ona 
compacted, blocky-nutty structure, isolated Se pel et (ed ba 
roots. Transition gradual. ge ae OOo S 
C(g) 87-130 cm. Damp, varicolored with 
rusty and bluish intercalations of iron and c 
black patches of manganese, clayey, not S 2 
pronounced prismatic structure, compact, pow- 7B Oi Mae) 
dering of SiO, on faces of structural separates. = <<e2amo 
A thick layer of sand underlies the clay in 6 eg e 
these soils at a depth of about 6 m.* The ad a) 


ifrom data on borings (cited by N.D. Pustovoytov), 
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37,72 One 46,7 16,5 


0,22 


7 09 


11,68 


0—5 
120—130 


Comma represents decimal point. 
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natural drainage of these soils is very poor. 


The distribution of physical and colloidal 
clay particles shows that the top part of the 
soil profile is poor in these (Table 1). This 
impoverishment, starting from the top hori- 
zon and continuing as far as the soil-forming 
parent material, appeared most acute in pro- 
file 82. In profile 41 a less abrupt change of 
particle-size distribution within the soil pro- 
file is to be noted. 


The pH of the water suspension in these 
soils varies from slightly acid to neutral (5,3- 
7.1), being higher in the top horizons. The 
soils studied were saturated with cations. Ex- 
treme unsaturation (6%-13%) appeared only in 
the B horizon. 


The total analysis data (Table 2) indicate a 
distinct removal of alumina and a slight re- 
moval of magnesium from the top soil hori- 
zons and an accumulation of these in the illu- 
vial horizons. No calcium, sodium, potassium, 
or manganese loss was detected. The leached 
horizons can be distinguished by the high silica 
content. In the well-drained soil of profile 82, 
the iron is removed and accumulates in the 
illuvial horizons. In profile 41 it is distributed 
fairly evenly along the profile and there is 
negligible accumulation in the illuvial horizons.2 
We shall explain below the reason for the vary- 
ing distribution of total iron in the profile. 


The soil solutions were studied during the 
summer field season of 1957-1959, except in 
the case of profile 82, where the soil solutions 
were studied only from 1958 onwards, The 
solutions were separated by means of an oil 
press in an instrument designed by Kryukov. 
Naturally moistened samples were used for 
this purpose, immediately after being collected 
from the field. The solution was separated at a 
pressure of 50-100 kg/cm?. 


The HCO;;,<Cl>, SiO,-, Catt, Mg**,. Fet, 
Fet++ content inthe solutions and the pH were 
determined in the course of three field seasons; 
the soluble organic matter SO,~ and NH,* were 
determined from 1958 onwards; the various 
forms of titratable acidity were determined only 
in 1959. Attempts to determine the phosphorus 
and aluminum in the soil solutions and in the 


waters were unsuccessful and these elements were 


not detected in a single instance. The analyses 
of the soil solutions were performed under field 
conditions. 


The samples for soil solution separation were 
collected at three periods of the year; first, in 
early summer before the monsoon rains, second- 
ly, in midsummer during the monsoon rains, and 
thirdly, in the fall after the monsoon rains. 


We shall now examine the most typical 
features of the soil solutions studied. The ‘ 
solutions obtained from the topmost organogenic 
horizon were slightly turbid, owing to the ad- 
mixture of colloidal and clay particles. After 
standing the solutions provided almost 


4n soils of this sub-group, according to the values 
for other profiles, the distribution of total iron 
along the profile is generally uniform. 
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colorless or had a slight greenish-yellow color. 
The solutions from the lower horizons were 
pee turbid and after standing were color- 

ess. 


A peculiarity in chemical composition of 
the soil solutions studied was the low content 
in water-soluble organic matter (Table 3). 
The solutions from the top organogenic horizons 
contained the largest amounts of water-soluble 
organic matter. In profile 82, for example, 
the organic content reaches a peak of 300 mg/ 
liter; in profile 41 the corresponding figure 
was 90 mg/liter. The eluvial horizons contained 
far less organic matter and the lower horizons 
still less. 


The titrable acid of the solutions was due 
mainly to the presence of carbon dioxide, which 
made up 90% of the total titrable acid in the 
humus-accumulative horizons. Acidity caused 
by free non-volatile organic acids is not 
significant. The pH varied only from slightly 
acid to slightly alkaline (6.1-7.6), 


The soil solutions contained very little 
iron in trivalent form. Only in the humus- 
accumulative horizons did the iron concentra- 
tion reach 0.3-0.5 meq/liter; lower down the 
profile the iron concentration decreased 
sharply. Trivalent iron was often completely 
lacking from the solutions. The bivalent iron 
from the humus-accumulative horizons differed 
little from the concentration of ferric oxide, 
but ferrous oxide was always a good deal more 
plentiful than ferric in the solutions from the 
lower horizons, 


Among the anions in the humus-accumula- 
tive horizons, bicarbonates predominate. 
Lower down the bicarbonate concentration 
decreases and other anions gradually become 
predominant, 


- The distribution of calcium concentrations 
follows a similar course to that of the bicar- 
bonates, but the absolute calcium values are 
higher. When the dry residues from the soil 
solutions were examined under the micro- 
scope it was found that the calcium was 
bonded mainly with SO,~ and HCO,” and that 
very small amounts were bonded also with 
chloride.’ The magnesium distribution was 
similar to that of calcium but the content in 
the solutions was smaller. 


The silica content in the solutions was high 
by comparison with soil solutions from 
the forest belt of the European part of the 
USSR. Unlike the other components of the 
solution, silica was invariably concentrated 
mainly in the lower horizons. 


In addition to studying the chemical com- 
position of the soil solutions, we also per- 
formed regular selections and analyses of 
test samples of subsoil, ground water, and 
river water. Some of the chemical analysis 
results are shown in Table 4. 


The active reaction of the subsoil waters 


3The microscopic examination was performed by 
I.I. Feofarova. 
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was as a rule weakly acid, but occasionally 
reached weakly alkaline values. The pH of 


the river and subsoil waters rarely fell below 
neutral, 


An almost invariable feature of all the 
types of water studied was the prevalence 
of silica, an indication that this substance 
was mobile. Water-soluble organic matter 
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Table 4 


Chemical composition of waters, 1959 


sor SiO; Catt |Mgt+] NH,| Nat| K+|Fet+t! Fe 


5 He 

2 : SG 

& 8 as Med/ liter 
July 22 Profile 41 0, 516,64 1,6] 0,30]0, 26) None | 1,10 /0,18]0,12/0,17/0,30]0,15] None 
Sept.14| Profile 44 {08/6 50/Track0,80|0,73 0,14 | 0,63 10.4410 3510.10] Not deta, |0,06|None 
July 10| Belovezh | 

boring 22|7,16| " | 1,4310,26} None] 1,44 0,53)0,5110,14 " None 

June 24) Urga River | — |7,33/None] (55 OFS |g 1,33 ]0,25)0. 15)0,12)0, 400, 22|None|Trace 


July 27} Pervyy 
TIvtugan 
River, 
"Krasnaya 


Zarye" — |7, 18 rac¢ 0,2210,15 


Note: Comme represents decimal point. 


was practically absent from the waters; iron 
was either lacking or occurred in negligible 
concentrations, 


We shall now compare some of our analyti- 
cal findings with data relating to soils in which 
podzolization processes occur. 


The first stage of podzolization is, of 
course, the appearance of exchangeable 
acidity (Gedroyt's method), the hydrogen con- 
tent in the top horizons sometimes exceeding 
90% of the total adsorbed cations (9,10). This 
is the result of the formation of acid products 
from the decomposition of litter. 


In the soils studied the absolute values for 
pH, adsorbed aluminium, and hydrogen and 
their distribution along the profile differ 
from those found in podzolic soils. Unsatura- 
tion of the top horizons was practically zero, 


The appearance of a hydrogen ion, not only 
in exchangeable form but also as a component 
of the soil solution, is a characteristic fea- 
ture of podzol formation processes. Our 
investigations showed that in the soil solutions 
studied there were hardly any strong non-vola- 
tile organic acids. This is borne out by the 
absolute pH values of the soil solutions. Rode's 
investigations (10) showed that in solutions 
where the pH was above 6.3 non-volatile organ- 
ic acids occurred, if at all, in negligible 
amounts, 


A further important determining feature 
of soils of the podzolic group is a high 
concentration of water -soluble organic 
matter, Organic matter is the main com- 
ponent of the solution and its concentration 
in the organogenic horizons amounts to 0.8 
g/liter (2,13, 14,15). In the solutions from 
the humus-accumulative horizon it always 
greatly predominates over the mineral residue 
in weight; nor does its quantity usually fall 
below that of the mineral residue in the solutions 
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0,66 |0, 11/0, 10/Tracto , 1810, 13 0,01 


from the lower mineral horizons. On the 
other hand, soil solutions from the soils 
under study were extremely poor in water- 
soluble organic matter, which was invariably 
conspicuously below the mineral residue in 
weight. This is probably due to the quite 
different group and fraction composition of 
the humus (Table 5). 


The analysis data for the group and frac- 
tion composition of the humus indicate a marked 
predominance of humic over fulvic acids. The 
total fulvic acid content is very low. Among 
the humic acids the sesquioxide fraction (free 
and bonded with free forms) predominates. 

The fractions of humie and fulvic acids firmly 
bonded with calcium greatly predominate over 
the fractions firmly bonded with sesquioxides. 
The hydrothermal conditions are apparently 
sufficiently favorable for the formation and fix- 
ation of humic substances in the top organogenic 
horizons of forest soils, despite the temporary 
excess wetting during the monsoon rains, 

In addition, the sources of humus formation — 
grasses and leaf-fall — make for the fixation 
of humic substances. Lastly, the physical and 
chemical properties of the soils must also 
foster humus fixation, since the exchange 
capacity of these soils is fairly high, the 
adsorption complex is saturated with cations, 
and humification is occurring under the condi- 
tions provided by a neutral medium. 


The major events in the processes of pod- 
zol formation are the removal of aluminum, 
iron, and other decomposition products from 
the top horizons. We mentioned previously that 
aluminum was never once found in appreciable 
quantities in these soil solutions. The most 
probable form in which aluminum migrates in 
the soil profile is that of its complex compounds 
with organic acid anions. The bicarbonates 
present in the solution, however, must act as 
a major obstacle to the formation of complex 
aluminum compounds with organic acids, We 
should take it that, with a pH above 5.7-5.9, 
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Table 5 


Group and fraction composition of forest soil humus, percentage of total carbon 
(Kononova's method). 


Humic acids 


Initial 
Depth,| organ-| Wax | Decal- 


resins} cinate 


Note: Comma represents decimal point. 


there will always be bicarbonates in the soil 
solutions, preventing the conversion of 
aluminum into a mobile form (10). 


Considering this, we can say that conditions 
either for the decomposition of the alumino- 
silicate colloidal complex or for the loss of 
aluminum in the form of complex ions with 
organic acids do not,seem to exist at present 
in the soils studied, 


Ferric oxide, like alumina, is present in 
the soil solution in the form of complex com- 
pounds with organic acid anions. As we men- 
tioned previously, the solutions of the soils 
investigated were extremely poor in water- 
soluble organic matter, possibly because 
of the low concentrations of ferric oxide in 
the solutions as compared with solutions 
from podzolic and sod-podzolic ‘soils, Ferric 
oxide migration in the soil profile is in fact 
hardly detectable, The iron migrates only 
in ferrous form, 


To explain the difference distribution of 
total iron in the profile of the soils studied we 
shall examine the values for the seasonal varia- 
tion on ferrous iron and chloride in the soil 
solutions and the chloride variation in water 
extracts from profiles 82 and 41 for the year 
1959 (Table 6), We see that the peak con- 
centrations of ferrous iron and chloride in 
the soil solutions and the chloride in the water 
extracts in the top horizons of profile 82 
occur only during the first period (before the 
monsoon rains). From the second period on- 
wards (during the monsoon rains) there was 
intensive leaching of chloride and ferrous 
oxide and maximum concentrations of these 
were detected in the lower horizons, In 
profile 41 there was also intensive leaching 
of chloride and ferrous oxide from the top 
horizons during the monsoon rains but in the 


‘The sharp decrease in the SiOz Fe,O; and Al,O3: 
Fe,O; molecular ratios in the B, horizon of profile 
82 apparently can be attributed to a podzolization 
process which may have occurred during a more 
severe epoch connected with Quaternary glaciation 
in the Tukuringr-Dzhagda range. 
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Fractions 


Total 


third period, after the monsoon rains, maxi- 
mum concentrations of these elements were 
again detected in the top horizons. 


Many investigators (1, 4,7) have pointed out 
the appearance of ascending capillary flow of 
moisture in spring and early summer in the 
Cis-Amur and Primor'ye soils. Ina dry 
spring and early summer, when evaporation 
greatly exceeds precipitation, the melting 
frost creates favorable conditions for capil- 
lary water to rise to the surface of the dried- 
out soil. Our own observations showed that 
after the monsoon rains such conditions were 
again created in undrained fine-textured soils, 
since evaporation during this period again ex- 
ceeded atmospheric precipitation while the 
soil and subsoil waters rarely fell below 60- 
70 cm in the dry, warm month of September. 
Rising capillary moisture flow in spring and 
early summer, as well as in fall (profile 41), 
make for an accumulation of chloride and 
ferrous oxide in the top horizons. In drained 
soils (profile 82) soil and subsoil waters were 
not detected after the monsoon rains and there 
were accordingly no ascending flows of capil- 
lary moisture in such soils during the fall, 


Micromorphological analysis showed that 
the main body of ortsteins in profile 41 was 
situated in the top horizons.° The reduced 
iron compounds in the solutions travel along 
the capillaries to the surface horizons and 
are precipitated into the layer most subject 
to drying and aeration (5). In profile 82, 
ortsteins predominate in the lower part of the 
soil profile — a clear indication of removal 
of iron compounds, 


The periodical occurrence of ascending 
capillary flow of moisture accompanied by 
the migration of reduced iron should account 
for the fairly even distribution of total iron 
in the soil profile 41, Conversely, where 
ascending capillary flow occurs not at all or 
only to a slight extent, the total chemical 


‘The micromorphological study of the soil's thin 
sections was performed under the microscope by 
Ye.I. Parfenova. 
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Table 6 


Seasonal variability of ferrous oxide and chloride in soil solutions and in water extracts 


Soil solutions 


Water extract 


Periods Periods 
Pr | = | i | 
mice Depth, Before During After : | y | 
No. cm monsoon- monsoon- monsoon- 2 8 
rains rains rains | | 
Gls | becca) Cle | Fett | Cla | Fett Cia 
meq/liter °% 
82 o—10 | 0,80 | 1,38 | 0,20 | 0,02 | 0,45 | 0,05 | 0,005 | 0,001 
12-22 | 0,40 | 1:14 | 0,23 | 0,02 | 0,08 | 0:04 | 02002 | 0001 once 
28—38 | 0,41 | 0,51 | 0,20 | 0,06 | 0,08 | 0,03 | 02002 | Trace | 0 004 
48—58 | 0,20 | 0,03 | 0,28 | 0,28] 0,10] 0,18 | 0,001 | 0,001 | 0'c0t 
75—85 | 0,30 | 0,02 | 0,30 | 0,03 | 0,20 | 0,05 | 0,001 | 0/604 | 0/002 
109—4117. | 0,58 | 0,10 | 0,34 | 0,84] 0,75 | 0,14} 0,002 | 0/002 | 0,003 


0—5 
6—11 
12—22 


30—40 
70—80 
120—130 


Note: Comma represents decimal point. 


composition of the illuvial horizon ones 
indicates iron accumulation (profile 82). 


All the material examined, then, and in 
particular our investigation of chemical 
composition of the soil solutions, point to a 
different make up of the soil processes in 
the territory studied than is to be found ina 
zone of sod-podzolic and podzolic soils. These 
values convince us that the type of soil forma- 
tion in the forest soils investigated corresponds 
mainly to that of the brown forest soils in the 
Cis-Amur and Primor'ye regions (8). 


We must assume that the formation of 
a differentiated eluvial-illuvial profile in 
the soils studied (impoverishment of the 
eluvial horizons in colloidal clay frac- 
tions and their enrichment in silica) is a 
contemporary process, which may be due 
mainly to the removal of colloidal clay parti- 
cles from the top soil horizons without pre- 
liminary decomposition of the clay minerals, 
in other words what is known as lessivage for- 
mation. As we mentioned previously, the 
eluvial-illuvial profile in profile 82 could have 
been caused by podzolization processes at 
earlier periods. 


The most important indicator of lessivage 


6The frozen horizons in drained soil contain 
little moisture and so the probability that there will 
be ascending capillary moisture flow in spring and 
early summer is negligible. 
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formation of soils is pronounced accumulation 
of optically orientated clay in the illuvial 
horizons. Examination of the thin sections 
from these soils showed that optically or- 
ientated clays from various cavities in the 
soil could be readily traced in the illuvial 
horizons, The B horizon of profile 82 was 
the richest in orientated clay and it was in 
this horizon that the particle-size analysis 
revealed the sharpest increase in the clay 
fraction. 


As we noted previously, the soil solutions 
were invariably turbid owing to the presence 
of colloids or clay inthem, Electron micro- 
scope study showed that particles of diameter 
1-2 » and smaller predominated in these. 
The colloidal clay is therefore mobile here 
and migrates in the soil profile. 


The clay particles in the soil acquire a finely 
dispersed state under the influence of temporaril} 
excess moisture, which creates conditions in 
which even substances difficult to disperse are 
reduced and converted into a readily mobile 
state. The clay particles can be kept in a con- 
dition of suspension under the protective influ- 
ence of organic matter and silica (16). In the 
soils studied the decisive role seems of neces- 
sity to belong to silica as a stabilizer of the 


7The electron microscope determination was 
performed by E.A. Kornblyum in the Physical 
Chemistry Laboratory, Moscow University Faculty 
of Soil Science, under the direction of N.G. Zyrin. 
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colloidal clay particles as they move through 
the soil profile. 


A typical feature of the region studied is that 
there are periods when the soils are exces- 
sively wet. Almost 70% of the annual rainfall 
of 450 mm falls in July and August, during 
the monsoon. This is also the hottest period, 
when the mean temperature (July) is 20°C. At 
this time the soils are excessively wet and in- 
tensive reduction processes start to develop in 
them. We have no space in this paper to dis- 
cuss the results of studies on the oxidation-re- 
duction regime in the soils; we can imagine 
that abrupt variations of both processes from 
spring to fall, and from one year as a whole to 
another, are typical of the soils studied. 


It is noteworthy that in soils where there is 
no seasonal excessive-wetting (brown forest 
sandy loams and coarse sandy loam) and 
where an oxidizing regime predominates, no 
eluvial horizon appears, either morphologically 
or analytically. 
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RELATIONSHIP BETWEEN FERTILIZER EFFECTIVENESS 
ON THICK CHERNOZEM IN MOISTURE-DEFICIENT ZONES 
AND THE AMOUNT OF PRECIPITATION 


S. M. GUREVICH, Scientific Institute of Fertilizers, Insecticides, and Fungicides 


Crop yields depend largely on meteorological 
conditions, Several authors (2,3, 6, 8, 10, 12 
adduce figures to show that the decisive factor 
in humid regions is the air temperature during 
the growth period; but in regions of moisture 
deficiency the yield is usually determined by the 
amount of precipitation which has fallen during 
the growing period, It is not only the amount, 
but also the distribution of precipitation over 
the different periods which plays an important 
part in ensuring normal growth of the plants 
and producing a high yield. The critical 
periods as regards moisture are not the same 
for all crops. 


The optimum conditions for the growth of all 
crops is that there should be sufficient precipi- 
tation throughout the growing period. Different 
crops will be differently affected by moisture 
deficiency at various periods. The yield of 
some crops is reduced if there is drought 
during the first half of summer, but the yield 
of late crops may not be reduced if the second 
half of the summer is wet; conversely an amount 
of precipitation falling in the first half of the 
growing period and ensuring a high yield of 
early crops may adversely affect yields of 
late crops if there is a sudden drought in the 
second half of the summer. 


The effect of fertilizers is also bound up 
with the presence of sufficient moisture in the 
soil when the plants are feeding most intensive- 
ly (1,7); such periods differ from different 
plants. If there is insufficient soil moisture 
during these periods fertilizers will be less 
effective, since the plants’ uptake of soil solu- 
tion containing them will be poor and all 
physiological processes will be weakened owing 
to the moisture deficiency. Sometimes, owing 
to lack of moisture at a later period, the effect 
of fertilizers on the final yield may be nega- 
tive (plants which have developed strongly 
under the influence of fertilizers suffer worse 
than those in non-fertilized soil). Fertilizers 
can also have an adverse effect on grain crops 
if there is excess moisture when fertilized 
plants are strongly set in the flowering of 
grain-forming stage, for the grain formation 
then takes place under unfavorable conditions. 
This means that the selector must choose 
varieties which are resistant to lodging, in 
order to improve the effectiveness of fer- 
tilizers in regions of abundant precipitation 


or where grain crops are cultivated under 
irrigation. 


The importance of meteorological conditions 
at various periods of plant growth is fairly 
clearly illustrated by the data on the effective- 
ness of fertilizers during the initial period of 
growth and at the end of the growing period in 
the case of sugar beet (Table 1). 


These values show that nitrogen phosphate 
fertilizers invariably produce an appreciable 
increase in the weight of the air dry young 
plants; in certain years, although the initial 
effect is high, the increase in root yield is 
negligible when there is insufficient precipita- 
tion in summer. In 1955, for example, when 
the weight of the young plants increased by 
78% and 306 mm of rain fell during the period 
May-August, the root yield increased by 100 
centners per ha, whereas in 1957, when the 
weight of the young plants increased by 169% 
but precipitation during the period May-August 
was negligible (117 mm), the root yield in- 
creased only by 11 centners per ha. 


The effectiveness of fertilizers when 
their influence during the initial period of 
plant growth is positive thus depends greatly 
on meteorological conditions during the grow- 
ing period after the beet shoots have been 
thinned, It is noteworthy that no strict cor- 
relation has been observed between the amount 
of precipitation during a particular period 
and the yield of particular crops, or between 
the effectiveness of fertilizers from one year 
to another, since other meteorological indices 
(distribution of precipitation, air temperature, 
relative air humidity and others) also influence 
the yield; nevertheless the level of yield and the 
effectiveness of fertilizers are closely bound 
up with the amount of precipitation during a 
given period, as can be seen from the average 
values, given below, for experiments performed 
over a number of years at the Grakovskiy 
experimental field of the Scientific Institute 
for Fertilizers, Insecticides, and Fungicides. 
Data on the yields of particular crops and the 
effectiveness of fertilizers are given below. 


Sugar Beets 


The harvest yields over a number of years 
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Table 1 


‘43 ; eee ea et 
i f fertilizers during the initial growth perio 
Sede fatekk Peete and their influence on final yields 


Weight of 200 plants taken 
during thinning, g 


Without 
fertilizer 


MO atl SI 
aor ks) Kari 


Note: Comma represents decimal point. 


WithNP 


Increment 


Weight of Root yield, 
young plants, entr 
% per ha 


Table 2 


Yield of sugar beet roots and increments from phosphorous fertilizer, cent- 
ners per ha 


No. of 
years 


Type of year 


Insufficient precipitation 
Wet 


Note: Comma represents decimal point. 


show that the best yield is determined by 
the amount of precipitation during the period 
May- August, 


It can be seen from Table 2 that both the 
yield and the effectiveness of phosphates were 
higher in years when precipitation during 
those months was heavy than in years when 
it was not, 


In years of inadequate precipitation 
nitrogen fertilizers applied after phosphorus 
and potassium had almost no effect on the 
sugar beet yield, whereas in wet years the 
increment from nitrogen amounted to 25 
centners per ha. The pattern in regard to 
manure was similar but less pronounced, 
the increment from application of 33 metric 
tons of manure per ha being 40 centners per 
ha above the control (no fertilizer) in dry 
years, and 53 centners per ha in wet years, 


In regard to nitrogen and phosphorus the 
picture is the same whether they are added 
simultaneously or separately: the mean 
effectiveness of nitrogen phosphate fertilizers 
as shown from two experiments in wet years 
was 40 centners per ha, against 24 centners 
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Mean total 


pubis Yield with 


August, 
mm 


per ha in dry years. 


The effectiveness of potassium fertilizers 
was poor in a number of years when the amount 
of precipitation during May-August varied and 
was the same in wet and in dry years. How- 
ever, if the years are classified by amount 
of precipitation during April-June, in 
other words during the initial growth period 
of the sugar beets (Table 3), the effect is 
found to have varied considerably, for in dry 
years the potassium fertilizers were ineffec- 
tive, whereas in wet years they produced an 
appreciable increment to the root yields. 


This is obviously because the plants absorb 
potassium at a greater rate when they are 
young. Sugar beets take up potassium through- 
out its growth period, but in the later stages 
their powerful root system supplies it with 
potassium via the exchangeable form of that 
element, which occurs at the rate of 30 mg 
per 100 g of soil in the plow layer of our 
thick chernozem. 


The effectiveness of organic and mineral 
fertilizers added under sugar beets is thus 
largely dependent on the amount of precipitation 


THICK CHERNOZEM 


Table 3 
Yields of sugar beets and increments from potassium, centners per ha 


Mean total Increment from potassium 


precipita Yield |—— 
Type of year No. of |tion, Apri eae 


years) June, 
mm 


ite lite age 


Insufficient 
precipita- 
tion 

Wet 


Note: Comma represents decimal point. 


throughout the growth period; in the case of is not in itself able to increase the yield or 
nitrogen and phosphorous fertilizers the criti- the effectiveness of the fertilizers. This indi- 
cal period as regards moisture is May-August; cates that May itself is the critical month in 
in the case of potassium fertilizers the criti- regard to moisture for this crop. 
cal period is April-June. 
Winter Wheat 
Barley The growth period for winter wheat includes 


the autumn months in the year of sowing and 
Examination of the yield data for barley over the spring summer months in the year of 
a number of years shows that the critical period ripening. The yield of winter wheat sown on 


in regard to moisture for this crop coincides black fallow varies little with the amount of 

with the period of peak uptake of nutrients (1,7). precipitation. This is because there is al- 

Under the conditions in question this period ways a considerable amount of moisture in 

is the month of May. black fallow, even in years of inadequate pre- 

cipitation. In such years the wheat yield amounts 

The data on barley grain yield and addi- to 24 centners per ha, whereas in wet years 

tions of nitrogen, phosphorous and nitrogen- the wheat as a rule lodges before the forma- 

phosphorous fertilizers given in Table 4 show tion of the grain, and this reduces the yield. 

that the yield without fertilizers and the effec- The effectiveness of phosphorus during years 

tiveness of the fertilizers depend on the amount with inadequate precipitation under black 

of precipitation in May, when the barley is fallow conditions is reduced to zero, where- 

growing fastest and the spikes are forming. as in wet years, despite reduced efficiency 

When there is little precipitation during this from lodging, the increment amounts to 2 

period we find that the grain harvest is low centners of grain per ha. 

if no fertilizer is added and that the effect of 

fertilizers, particularly nitrogen, is reduced. The behavior of potassium fertilizers is 

A sufficient amount of precipitation during the rather peculiar. On the average, these in- 

following period, before the barley ripens, crease the grain yield of winter wheat by 2 

Table 4 


Yields of barley and increments from fertilizers, centners per ha 


Mean total Yield Increments from 
No. of] precipita- | without nT ee oe 
years|tionin May,| f¢erti}- 
anes izer P,0, | N 


Type of year 


Insufficient precipita- 
tion 

Wet 

Insufficient precipita- 
tion 

Wet 

Insufficient precipita- 
tion 

Wet 


Note: Comma represents decimal point. 
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centners per ha. No regular pattern of relation- 
ship between the effectiveness of potassium and 
the amount of precipitation can be observed, 

but potassium has a clear-cut positive effect 

in years unfavorable for winter wheat, when 
there is marked lodging of the crop as a result 
of abundant precipitation, or in dry years, 

with periods of drought, when the wheat is sub- 
ject to firing. 


The mean yields for four bad years shown 
in Table 5 (in two of these years the wheat 
lodged heavily and in the other two it suffered 
from drought at the moment of grain filling) 
together with the mean yields for five years 
of more or less normal growth, indicate that 
in normal years potassium produces negligi- 
ble increments to the yield; in bad years, 
however, the increment amounts to 4.2 
centners per ha. 


Potassium fertilizers applied to black 
fallow are thus seen to be a stabilizing factor 
as regards winter wheat yields in bad years. 


Relative Role of Moisture and Fertilizers 
As Regards Particular Crops 


In order to provide a comparison between 
the role of moisture and that of fertilizers 
in regard to particular crops, we show in 
Table 6 the mean yields for three experiments 
on sugar beets and barley. 


The data show that the yield of both crops 
was appreciably higher in wet than in dry 
years. The effectiveness of nitrogen phos- 
phate fertilizers in wet years was a good deal 
higher than in dry years, particularly when 
the fertilizers were added under sugar beets 
(49 and 22 centners per ha). 


Although fertilizers also had a positive effect 
in dry years, the sugar beet yield with fertilizers 
still did not reach the same level as in wet years 
when no fertilizers were added, This implies 
that moisture is the deciding factor in forming 
the sugar beet yield; in dry years the barley 
yield with fertilizer was the same as in wet 
years without fertilizer. 


Maximum yields for sugar beets as well as 
for barley were obtained in wet years when 
fertilizer was added, that is, when the plants 
were fully supplied both with moisture and 
with nutrients. 


That moisture and fertilizers are of different 
importance in forming sugar beet and barley 
yields is further confirmed by the data for 
the influence of fertilizers on the yield stability 
of these crops. 


The data in Table 7 do not bear out the ob- 
servations of the Kharkov and Suma experi- 
mental stations (1) to the effect that the 
yield stability of sugar beets is enhanced by 
the addition of fertilizers. In the case of 
barley, however, variations in the grain 
yields from crops fertilized with NPK as com- 
pared with nonfertilized crops were found to 
be distinctly smaller. 


The data available in the literature (4, 5, 9) 
in regard to the importance of soil temperature 
during the initial growth period of spring crops 
(April-May) or the effectiveness of fertilizers 
are not borne out under our conditions when 
the mean diurnal air temperature during these 
months is 11,1°C. In the case of sugar beets, 
for example, the yield increment associated 
with a positive deviation of the mean diurnal 
air temperature averaged 28 centners per ha 
over a period of five years, against 30 centners 


Table 5 


Yields of winter wheat and increments from potassium, centners per ha 


Note: Comma represents decimal point. 


Yield with 
NP 


Yield with 
NAK 


Increment 
from K 


Table 6 


Yields of sugar beets and barley, centners per ha 


Dry years 
Yield 


Without 
fertil- 
izer 


No, of 
years 


Sugar beets 
Barley 


Note: Comma represents decimal point. 
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Wet years 


No. of 
years 


With 
NP 


THICK CHERNOZEM 


Table 7 


Variations in sugar beets and barley yields 


No. of 
years 


Fertilizers 


Sugar beets Without fertilizers 


NPK 
Without fertilizers 


Barley 


NPK 


Note: Comma. represents decimal point. 


per ha over a period of three years when the 
temperature deviation was negative; in the 
case of barley, the corresponding increments 
from nitrogen were 3.6 and 8.1 centners of 
grain per ha. respectively; the difference in 
the case of barley was due not to temperature 
but to variations in the amount of precipitation 
during May. 


Received May 23, 1960 
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SUITABILITY OF SOILS OF THE SECOND VOLGA MEADOW 


TERRACE FOR ORCHARDS 


G. A, SELEZNEVA, All-Union Crop Research Institute, Stalingrad Breeding Research Station 


The right choice of soil and relief is of 
decisive importance for the establishment of 
productive and perennial fruit-tree orchards. 
High standards of agricultural technique 
yield the desired results only if there are no 
unfavorable indications in regard to the soils. 
Orchards planted on soils which do not meet 
the crop requirements are not easily pre- 
served from premature death, It often happens 
that the orchard does not die at once but only 
after ten to fifteen years. This leads to un- 
economical expenditure. 


The Stalingrad Fruit and Vegetable Experi- 
mental Breeding Station is engaged in studying 
the suitability of soils of the second Volga 
meadow terrace for orchards (in this region 
the other terraces are not expressed). 


This terrace consists of a fairly wide belt on 
the right bank of the Volga River in the Cherno- 
yarsk rayon of the Astrakhan Oblast’. From 
the geomorphological point of view it occupies 
an intermediate position between the main 
bank of the river and its bottomland and forms 
a plain with a very pronounced micro-relief, 
The main bank of the Volga rises above it, 
forming a 10-12 m escarpment. The edge of 
the terrace towards the bottomland is 2-3 m high- 
er than this escarpment. 


The depth of the ground waters varies with 
the season of the year and the relief. They 
are deepest (5-9 m) under the sandy hillocks and 
least deep (1,8-2.5 m) under depressions and 
estuaries, Elsewhere in the area the ground 
waters lie below 2.5-3.0 m. 


We have used P.G. Shitt's method to investi- 
gate agricultural soil and biological conditions 
in the irrigated orchards of the Mikoyan State 
Farm and Kalenin Collective Farm in the 
Chernoyarsk rayon of the Astrakhan Oblast'.1 


The main purpose of the investigation was to 
find the reactions of fruit trees to the combina- 
tion of conditions prevailing on the sites where 
they grow. This meant primarily the soils, the 


'The work was directed by A.S. Devyatov and the 
soil research was performed by G. A. Selezneva. 
The analyses were performed by G. A. Selezneva 
and V.M. Glukhova. 
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relief, the climate, the water regime, and 
other factors. 


The agricultural biological part of the 
investigation covered the following questions: 
1) study of the growth conditions of the fruit 
crops from the moment of preparing the soil 
under the plantation; 2) evaluation with 
subsequent selection of plot (typical) areas; 

3) state of the trees and their separate organs, 
including the root system, in the plot area, 
and 4) growth and fruit-bearing of branches. 


Soil and root profiles were prepared on the 
plot area, with one of their lateral walls at a 
distance of 50-70 cm along the perpendicular 
from the tree trunk, The following opera- 
tions were performed in these profiles: a) 
prolonged morphological description of the 
soil profile to a depth of 200 cm; b) a root 
survey; and c) soil and ground water (when 
present) were sampled. 


At the Mikoyan State Farm, orchard stand 
numbers 17, 18,19, 21 and 22 and the Monastyr 
and Grachev orchards (Fig. 1) were investi- 
gated in detail as were the Kalenin Collective 
Farm and the Trudovskoy and Stakhanovskiy 
orchards, 


The soil in the orchard sectors is made up 
of a combination of the following soil groups 
and types: 


I, Brown soils 


- Slightly solonetzic 

- Solonetzic 

» Solonetzic-solonchakized 

Solonetzic-solonchak-like (G. M. Tumin's 
method) 

- Eroded non-saline 

.- Eroded solonchakized 


Il Dark soils 


Slightly solonetzic and solonetzic brown 
soils usually occupy level areas and slight 
slopes. They cover the greatest area in all 
the Kalenin State Farm orchards and stands 
19, 21, and 22 at the Mikoyan Collective Farm, 


The profile of the solonetzic soil is made 
up of a humic, usually structureless A horizon 


SOIL SUITABILITY 


Terrace-bottom- 
land boundary 


—— ¥ dh 
——— Yé Quince)! yee 


Piel Mle 


10-15 cm thick, under which there is a distinct, 
compact, brown and cinnamon-brown solon- 
etzic B horizon sometimes consisting of two sub- 
horizons, B, and B,. Below this againis a 
carbonate C horizon, with transition to old 
alluvium, Effervescence starts at a depth of 
20-35 cm, 


The slightly solonetzic brown soils have a 
structure similar to that described previously 
put differ from these in that the B horizon is 
less compacted, the effervescence depth is 
lower, and the texture is coarser. 


Soil formation on the small rises, which 
are usually without any kind of vegetation is 
of quite a different character. The soils that 
form here are solonetzic-solonchak-like 
brown. The profile is made up of a friable por- 
sus A horizon, under which is solonetzic B 
10rizon, and under that again a saline C hori- 
zon. Typical features of these soils are the 
onsiderable thickness (25-30 cm) and 
reddish-brown color of the A horizon, the fri- 
ible structure (except for the solonetzic B 
,0rizon) and the salt efflorescence. In those 
yarts which are occupied by solonetzic-solon- 
*hak-like soils, apple trees failed almost com- 
yletely (stands 17 and 21), 


The solonetzic-solonchak-like brown 
soils (Tumin method) are similar in proper- 
ies to the solonetzic brown, from which they 
liffer in having salt efflorescence below 80 cm. 


edie 


- Plan of fruit-tree orchards at the Mikoyan State 
Farm, 


The separation of this soil is of great import- 
ance in connection with the suitability of brown 
soils for orchards. The solonetzic-solonchak- 
like soils occupy small areas in stand No, 19. 
The apple trees in these parts are weak and 
are either diseased or fail completely, 


In the Grachevy orchard, situated on a ter- 
race sloping comparatively gently towards the 
bottomland, half a kilometer north of the 
main bank of the Volga, the soils are brown 
and severely eroded, The soil profile con- 
sists of an alternation of light-colored layers 
of coarse-textured old alluvium. Most of 
these soils are salinized. 


The ground waters lie at a depth of more 
than 2,.5-3.0 m, 


Effervescence has been observed through- 
out the profile. 


Dark soils form in the pronounced depressions 
where additional amounts of moisture collect. 
These are distinguished by their greater thick- 
ness (35-46 cm), the dark color of the A horizon 
and the lower effervescence depth (85-90 cm). 
The ground (fresh) waters lie at a depth of 
175-250 cm. The soils are not saline and have 
a limited distribution (in the central part of the 
Trudoyskoy orchard and in stand numbers 17 
and 18). 


In texture, these soils differ appreciably 


G.A. SELEZNEVA 


Table 1 


Particle-size analysis of main soils in meadow terrace orchards, % 


Note: Comma represents decimal point. 


from one another (Table 1). The amount of 
humus in the brown soils rarely exceeds 1%, 
In the dark soils it increases to 2.39%. Sodium 
ion is important among the exchangeable ca- 
tions in the solonetzic brown soils (14.2% of 
the total cation content), In the slightly solon- 
etzic soils the sodium ion content is 5.6%- 

‘Oe 


The slightly solonetzic brown soils are 
usually not saline, They contain about 0.2% 
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Particle diameter, mm otpart. 
<0.0 
0,25— } 0,05— | 0,0!1— | 0,005— <0.001| a an 
0,05 0,01 0,005 0,001 disv 
| « 
68,24) 14,20] 2,52 | 1,66] 8,32] 12,50 
So errecias sual 52,42| 26,14 1,97 | 4;57| 8,96] 15,50 
solonetzic br., 69,75] 11,09] 3,96 | 8,12, 1,57] 13,65 
stand 22, Ras- 32,76] 43,70] 6,44 | 10,74; 6,36] 23,54 
ae cherry, 
25/13 
: 4,26 |5,42| 29,51] 16,34] 8,87] 15,73]24,13] 48,73 
Seliger cic pcowniie lane 2°00 }3°93] 21/68] 61.03] 1.80] 0’89/11/37 14,06 
stant 17,Malt + By 2,84 |1,94| 33,53] 37,50] 10,80] 5,14]/11,09| 27,03 
bagaevski Gr 5,36 |None | 31,94] 34,27] 15,77] 1,78/16,24| 33,79 
oem an ayer 143| 5,82 |0,68] 44,52| 33,39] 7,09] 1,40|12,92| 21,41 
* | 444—164| 6,00 10535! 6.94] 33/40] 20,461 4151/25/64 59,61 
a 465—190| 5,80 |None | 44,58] 28,49| 6,32] 7,20/13,41] 26,93 
| | 
ic- 0—26 | 2,92 |1,29} 30,84] 43,81) 6,34 | 8,57] 9,15] 24,06 
) SGotonchak-like| pt | 27248 | 2°79 [0°70 26°76) aB'6i| 7°85 | 5'S1 10,57| 23,93 
brown, stand | ¢ 49—81 | 8,74 |0,21 | 39,49} 40,44) 7,15 | 3,41] 9,30) 19,86 
meets 4 | 824141] 6,04 |None| 46,06] 32,37) 3,92 | 7,50)10,15| 21,57 
pple ites 5 | 442—170] 6,52 |0,38| 30,76} 39,52} 9,09 | 10,20 10,05) 29,34 
6 | 171-185] 3,54 | 0,66} 16,94] 65,34] 0,55 | 5,73110,78) 17,06 
Per abe: 
81| Solonetzic- A 0—10 | 4,05 }0,96| 45,85] 23,71] 8,16 | 3,63/17,69! 29,48 
solonchak-like] By | 4118 | 4'00 |3,64| 34/58) 36/67| 1.91 | O71 22,49| 25,11 
brown, stand | Cy | 14945 11,72 |4,32| 39528) 33/39) 5, ated, 27119, 20mon On 
19, Lithuanina| Cc, | 46—102] 4.20 |4,18] 36,02] 38,48] 5,42 | 2.64|16,27| 24.33 
BAe PP | Es | 103-149] 3:83 | 1,50] 38,50] 31.82] 8110 | 2723/17,85| 28118 
ote D, | 142—200] 4,05 10,51] 17,37| 2,72124,07 | 15,00/40,33] 79,40 
Grachev orchard] 2 15—50 | 7,00 14,34] 45,34] 17,87] 10,68] 3,90] 7,93] 22,51 
M4) eroded solon- 3 60—80 | 0,56 | None] 86,82] 4,22] 1,41] 2,85] 4,70] 8.96 
chak-like br., | 4 90—180] 4,24] " | 57,27| 29,63} 2,66] 4,86] 5,58 13,10 
ray anise = "! 
epple, 13/7 5 | 190—213] 5,82 23,45| 38,26] 22,71] 6,78] 8,80] 38, 
427|Kalenin Collec- | A 0—19 | 1,89 jNone | 25,59] 42,48] 10,77] 11,69] 9.47] 31,93 
tive Farm, Az | 20-491 5'00| "| 29°66] 13°27] 42°44] 4'87|10/16) 57/07 
Trudovskoy Bi | 50—84 | 1,81 | 0,54] 14,86] 53.06] 6,83/ 7,54/17,17] 31,54 
orchard. Dark} ci | 85—112| 6,84 | Nowell i; 4ale0.87 1daosiaseaslasess 18,00 
shka apee 8/32] C2 | 113149] 7,48 | 0,91] 23:16] 46,36] 7147| 6712115,981 29,57 
Shika apple, 8/32) 7 | 493 9131 0°80 | 1°13] 39°04 34.57| 3.84] 0,56|20,86| 25,26 


of water-soluble salts. The solonetzic soils 
vary greatly in regard to salt content. Near 
depressions they are well leached but in level 
areas they pass into solonetzic-solonchak-like 
types containing up to 1.78% salts in the second 
meter of soil, mainly sulfates (Table 2), 


The most salinized are the solonetzic-solon- 
chakish soils, The predominant salts are 
chlorides. In profile 89 for example the 
chloride ion content varies from 0.13% to 0.54% 
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Table 2 


Analysis of water extracts from soils investigated 


Pro. My 
file Soil Depth, |resi-|Total 
Na cm 
89] Solon- 
etzic- 
solon- 
haki 
chakish | C,| 81—141|0,991|0,03 sorseilocse 0729910008 
C,}471—185 0,618/0, 022 0,131]0, 25410, 119]0,016 
85] Solon- A O—15 |0,155/0, 0026/0, 003/0 ,065/0 ,02410,005| 0,42] 0 D 
oe ’ »Ue24!0, ,42| 0,10) 1,35} 1,20)0,44 
etzic- | C,| 2858 |, 16310, 030]0,003]0, 0760, 025/0, 005 0°451 0’071 1°58] 1°2610/41 
solon- | C,| 75—93 |0,379|0,024/0, 04610 ,099|0,070/0,0021 0/39 1/31] 2/07] 3:4810,13 
like Cy} 93—145)1,780/0,011 0, 103}1,094/0, 491/0, 010) 0,18] 2, 93/22 ,78]24,53/0,84 
brown 
| 
84; Same A} O—410 |0,4103)/0, o46lo 001|0 ,02210,010:0 op 0,76} 0,0 
’ Ver, ‘U,UWe! UO, ,03| 0,47} 0,50)0,20 
B | 10—18 |0,141/0,057/0, 0060, 041/0,024 0,002| 0,93] 0,15} 0,85 1°07 Omt3 
Cy} 18—45 |0,188)0,043)0,004/0,094)0,021/0,005) 0,70; 0,14) 1,95) 1,73'0, 44 
Cy 45—10210,09710,018|0,003\0,044'0,01910,003 0,29! 0,09; 0,90 (,99'0,23 
C3/102—142/0, 128)0, 006/0 , 008 0 ,068)0,031}0,002} 0,10) 0,21) 1,41 1,67:0,01 
D |142—200)1 ,435/0, 030/0, 012/0, 916/0,360|0,017} 0,47] 0,32}19,07}18, OO|1 ,37 
104 poges 1 O=—24 0,156]? ,040|0,008'0,056/0 0300, 003 0,66} 0,22) 1,16] 1,51/0,37 
saline 2 | 22—37 |0,179!0,027|0,010)0.063\0,024|0 004] 0,43] 0,27) 1,35! 1,21/0,33 
Seon 4 | 94—136]0, 156/0, 0620, 011/0,055)0,032)0,003) 1,02; 0,30) 1,15) 1,60!0,26 
5 |137—200/0,179|0,048)/0,015)0, 062 0,021)0, 008) 0,77| 0,42) 1,28 1,050,63 
| 
441| Eroded 4°] 0—25 |0,916]0,029/0,026)0,067/0,031|0,008 0 
BONOR a 2 | 30—48 |0, 1431002210, 00610, 0751002810 ,008 0 
ance, 3 | 50—61 |0,453|0,026\0, 06110, 223/0, 06310,.009 1 
ANG 2==71 0. , 916/90, 023)0,096/0, 479)0, 180)0,007 Dy 
5 | 72—128)1, "33010, 034/0,101/0,742/0, 237/0, 009 2 
414} Same 2 | 145—20 |0,286 0,050/0,038 0,063 0,05010,002 
3 | 60—80 |0,398/0,042/0, 0840, 112/0 ,039/0 ,003 
5 |190—213}1 ,061/0,044 0,084/0, 593 0,149/0,009 
427) Dark A;| O—19 0,095/0,018)0,006)0,036/0,013/0, 002 16 
Az| 19—49 |0,128/0,017/0,005]0,069/0 ,177/0, 004 33 
B | 49—84 |0,092/0,037/0, 006}0, 041/0 ,024/0 , 002 12 
C,| 84—112)0, "0660, 043)0, 00s8l0, 018/0, OL5/O, 002 20 
C.}112—149)0, 095)0, 034 0,009)0 ,041/0,021)0 003 27, 
C }193—213)0,141/0,031/0,018/0, 068|0, 028}0 ,O10 85 
Note: Comma represents decimal point. 
(Table 2). The dark soils are practically non- less available phosphoric acid — 13.7 to 20.0 
saline. mg per 100 g of soil in the brown soils and 


12.0-50.0 mg in the dark soils. Available 
phosphates are fairly evenly distributed 
throughout the profile. 


The active reaction of the soils described is 
neutral or slightly alkaline (7.0-7.8). All the 
soils of the meadow terrace are rich in avail- 
able potassium. In the brown soils the potas- 
sium content varies from 24.0 to 60.0 mg, in 
the dark soils from 48.0 to 60.0 mg per 100 g 
of soil. The potassium amount gradually de- 
creases with depth. There is considerably 


The main fruit trees on the land under 
study are appies and cherries. Table 3, 
based on the orchard evaluation data, shows 
the state of the trees in relation to soil condi- 
tions. Comparing the behavior of different 


Solonetzic fine 
clay loam 

brown 

Slightly solonetzic 
coarse clay loam 
brown 
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Table 3 


Condition of trees in meadow terrace soils 


No. of trees, 
percentage scale | No.of 
fail- 
ures 


Tree 


Location of profile species 


Mikoyan State Farm 
stand 17, profile 
88 


‘" Profile 90 


Solonetzic-solon- 
chakish coarse 
clay loam brown " Profile 89 

" Stand 22 


Solonetzic brown Profile 102 


Slightly solonetzic 
sandy loam brown 
Eroded solonchak- 
ish coarse clay 
loam brown 


Same 


" Profile 101 


Grachev orchard, 
Profile 114 
" Profile 111 


Collective Farm, 
Solonetzic sandy Trudovskoy or- 


loam brown 


Dark clay loam, 
ground waters 
2 
ee Same, Profile 127 


Same, ground Mikoyan State Farm 
mete abort 1.8 Stand 18, Profile 

m + floodingfrom| 93 

thaw waters 


Note: Comma represents decimal point. 


kinds of trees in plots with different soils but 
identical cultivation, we find that apple trees 
are the most sensitive to soil conditions. 


The influence of soil can be seen very 
clearly in the case of stand No. 17. The 
main part of the orchard was laid down in 
1933, with gray anise and Mal't bagaevski 
apples. By 1935 the entire southern half 
and part of the northern half had failed, 
Later, the northern half was replanted, but 
despite irrigation the trees again failed. The 
stand was divided into five sectors, on the 
basis of a soil survey and tree evaluation 
(Fig. 2). Here the sharp difference in the 
condition of the apple trees depends pri- 
marily on the soil conditions, which vary 
greatly. 


Variations in the soil have an immediate 
effect on the life of the trees. 98.9% of the 
apple trees on the solonetzic-solonchak-like 
soils (Fig, 2, plot 2, profile 89), containing 
about 1.5% of salts, failed. Those on solon- 
etzic-solonchak-like brown soil (Fig, 2, plot 
5) suffered heavily, only 8.7% of the trees 


chard, Profile 125 | Apple 
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developing properly and 57.3% failing completely. 
Observation showed that in the solonetzic soil 
the roots of the apple trees for the most part 
extended for 20-60 cm, hardly penetrating at 

all into the lower layers. 


Apple trees on slightly solonetzic brown 
soil (plot No, 3) did better, the percentage 
of healthy trees amounting to 66.4. The root 


system here penetrated the second meter of 
the soil. 


Taking stand No, 17 as an example it is 
interesting to trace the variation in the state 
of the trees in relation to soil conditions, 
Those in the fourth row for example (1, 3, 4) 
are situated at successive points of the transi- 
tion to a dark slightly solonetzic brown and a 
solonetzic-solonchak-like soil, and the condi- 
tion of the trees deteriorates with the proper- 
ties of the soils (Table 4), 


The growth of the apple trees on the eroded 
soils depends on the degree of salinization of 
the soils, On eroded nonsaline (Table 2, pro- 
file 104) soil of coarse texture in the Monastyr 
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Table 4 


ies : gt, 
Condition of trees as a function of variation of soil conditions 


| 
Mal't bag- 
aevski apple 
Tree No. 


Diameter 


Height of of crown, 
m 


tree, m 


> 


SCOGW SOND 
NMOAONMW 


+) 
7 
4 
6 
6 
4 
4 


ap le ie fe Le 


on ruit-bearing 


>Fruit-bearing and withering 
Note: Comma represents decimal point. 


orchard, apple and pear trees survived for 
seventy years. On eroded solonchak soils 
of coarse texture in the Grachev orchard 
(Table 2, profile 111, 114) 92% of the 
apple trees failed and no healthy trees were 
found. 


Pear trees behaved quite differently under 
these conditions. 81% of them grew strongly, 
with good foliation. Most of the trees in the 
orchard were grafted with Bergamot, Lever, 
Limonnaya and Kislovka varieties, The fol- 
lowing table shows the variation of incre- 
ments of branches in the case of 3/17 Kislovka 
pears: 


Circum- 
ference of 
trunk, 
cm 


Crown 
withering 


Foliation 


Nil 
Strong {| Medium 
Nil 
Good Nil 


Nil Medium 
Medium Medium 


precisely the disposition of the roots as re- 
gards both radius and depth; it also appreciably 
speeds up the work and is economical of money 
and manpower. 


Investigation showed that the root system 
of the apple and pear trees on the eroded 
solonchak brown soil developed unevenly. 
In the case of the pear trees, the root system 
extended to a depth of more than 2 m ata 
distance of more than 4 m from the trunk. 
The largest amount of roots was found at a dis- 
tance of 2 m from the tree, It was character- 
istic that pear tree roots were found in large 
quantities in the saliniferous layers as well 


1944| 1945| 1946| 1947] 1948| 1949] 1950] 1951 | 1952 | 1953 
19 


Primary branch 2 28 30 
Secondary branch 1 2.5 3 
Leader ete 2 


The growth pattern of other pear trees was 
similar. Consequently, despite the good growth 
and resistance of the pear trees to salinization 
and drought, they entered into a period of fruit- 
bearing and withering in the course of thirty- 
three years (the life periods according to 
P.G. Shitt). 


In order to study the root distribution in 
the case of apple and pear trees in the Grachev 
orchard, we dug two concentric trenches, two 
meters deep and one meter wide, representing 
a one-eighth arc around the trunk, in addition 
to digging the usual soil-root profiles. The 
near wall of the first trench was 1 m from 
the tree, that of the second trench 3 m. The 
excavations produced perpendicular walls, 
1, 2,3, and 4 m from the tree, This method 
of studying the root system, which was first 
introduced by us, gives more accurate 
results than digging a half quadrant around 
the trunk, since it enables one to establish 
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3 19 34 1 19 1 12 
3 30 1 1.5 2 1 j0.5 
9 2.9! 2.5 1 49 2 4 6 


(Fig. 2, A). 


In the case of the apple trees the roots were 
mainly at a depth of 20-60 cm. There were 
few roots even 3 m away from the tree and 
none 4m away. The roots did not penetrate 
the saliniferous layers at all (Fig, 2 B). 


In the Grachev orchard 92% of the apple 
trees but only 17.6% of the pear trees failed, 
80% of the latter were healthy. Pears, then, 
fluorish under conditions in which apple trees 
normally cannot develop. 


Apple trees grow very well, however, in 
dark soil in depressions where the ground 
waters are at a depth of more than2 m. The 
root system is thick and even at a depth of 210 
cm (profile 127, Trudovskoy orchard, P'yan- 
ushka apples, 8/32) many skeletal and over- 
grown roots are found, The central part of 
the Trudovskoy orchard (Kalenin Collective 
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Farm) is characterized by dark soil, with 
ground waters 2 m below the surface. The 
whole soil profile is evenly moistened, Of 
100 trees planted in 1936, 93 were healthy. 
The condition of the apple trees in solonetzic 
soil in the same orchard was quite different; 
71.9% of them died, 


It is interesting to compare data on the 
development of the root system in different 
soils but with identical methods of cultivation 
in the Trudovskoy orchard. 


As Table 5 shows, the root system of the 
apple trees developed best on dark soil. Here 
the roots were most compact in the first meter 
of soil. Development of the root system was 
much weaker in slightly solonetzic coarse 
clay loam, where the main body of the roots 
was concentrated in the 10-50 cm layer. In 
solonetzic soil the roots did not penetrate into 
the more compact layers, The largest quantity 
of roots was found in the 30-50 cm and 150- 
190 cm layers. 


These data graphically reflect the reaction 
of apple tree roots to different properties of the 


soil, An orchard on dark clay loam, where the 
water stands in the spring (sometimes for 
about a month) and the ground waters (fresh) 
lie at a depth of 175 cm in summer (without 
irrigation), has become a waste land (western 
part of stand No, 18 in the Mikoyan State 
Farm). 93% of the apple trees planted in 1932 
perished from excessive moisture, 


The apple trees on a plot of dark soil in 
stand No, 17, which is a continuation of stand 
No. 18, where the level of the fresh ground 
waters was 180 cm below the surface (rising 
to 110 cm with irrigation) did well: of 24 gray 
anise and Mal't bagaebski 22 were healthy. 
Owing to the periodic rise of the ground waters 
into the root zone, however, the skeletal part 
of the root system, which developed strongly to 
a depth of 60-70 cm in the normally moistened 
horizons, weakened in the underlying wet hori- 
zons. In general, the roots failed to develop 
strongly in wet sandy loam (106-150 cm), Be- 
low 130 cm, all the overgrown rootlets were 
dead, 


Different varieties of apple trees and other 
tree species flourish in varying degrees in 


Table 5 


i in di i ts cut per 
Density of root system of 18 year old apple trees in different soils (number of roo 
Peers decimeter of profile wall at a distance of 70 cm along the normal from the tree trunk) 
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Table 6 


Condition of apple tree varietie 


No. of 
trees 


ar 
of 
plant- 


Variety 


20 
144 


1932 


Same 


Dobryy khrest'yanin 
Lithuanian pippin 
Gray Anis 

White Skrut' 

Grey Anise 

Mal't bagaevski 


s on slightly solonetzic brown soil (Stakhanovskiy orchard), 1953 


No. of 
failures 


No. of trees in percentage scale 
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one and the same soil (Table 6). 


Of a large selection of apple varieties, the 
Mal't bagaevski proved the most stable. Trees 
of average growth of this variety in the Stakh- 
anovskiy orchard measured 5.6 m in height, 

8.3 m in crown diameter, and 73.2 cm in 

trunk circumference, These values indicate 
that the variety in question flourishes on slight- 
ly solonetzic soil. Similar data were obtained 
for the gray anise, although the resistance 

of this variety declines much more sharply than 
that of the Mal't bagaevski under unfavorable 
soil conditions. 90% of the Lithuanian pippins 
planted in slightly solonetzic soil failed. 


Among the stone fruits, we studied the 
growth of cherry trees in brown soils. 


Comparing the evaluation data for apple and 
cherry (Table 3), we find that the latter is less 
demanding in regard to soil conditions. In 
solonetzic brown soil, for example, where the 
applies failed (57.3% mortality), Rastun'ya 
cherries flourished much better (western 
part of stand No. 22), despite the heavy 
compaction of certain horizons. Of a total 
of 147 trees, 73.4% of them were healthy 
(medium-sized and weak trees predominating). 


In slightly solonetzic brown soils (central 


part of stand No, 22, profile 101) the cherry 
trees flourished; the evaluation data show 93% 
of them as healthy. Tree measurements per- 
formed on sample plots corroborate these 
values, 


From the values shown in Table 7 it follows 
that trees in solonetzic soil do not grow as well 
as those in slightly solonetzic soil. Not only 
do they grow less strongly, but in addition the 
foliation is poorer, the leaves being smaller 
and lighter. The growth history of skeletal 
branches in healthy trees on these soils re- 
flects this pattern, 


The root system develops more thickly in 
slightly solonetzic soil. In the solonetzic 
soil it is more superficial (20-50 cm). A 
cherry orchard on slightly solonetzic soil in 
stand 21 on the Mikoyan Sovkhoz is also in 
excellent condition, 


Conclusions 


1. Different species and varieties of fruit 
trees develop unequally on brown soils. 


2. The pear is most resistant and tolerates 
a high degree of salinization of the soils and 


Table 7 


Mean sizes of typical cherry trees in different soils 


Brown solonetzic 
Brown weakly alkaline 
Same 


Note: Comma represents decimal point. 


Table 8 


Rastun'ya cherry, 51/8 
Primary 

branch 

Secondary branch 
Rastun'ya cherry, 25/12 


Primary 

branch 

Secondary branch 
Rastun'ya cherry, 10/7 


Primary branch 
Secondary branch 


Solonetzic soil 


Mean 
total for 
1948- 
1953 


71 


71 
30 
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puts out roots to the moist layers, which is 
of great importance in arid climatic conditions, 


3. Cherries are also highly resistant. They 
grow well on a properly irrigated slightly 
solonetzic brown soil. 


4, There is large-scale failure of young 
apples on solonetzic and solonchakic brown 
soils. Their life is too short on slightly sol- 
onetzic soil, but the more resistant varieties 
(Mal't bagaevski and gray anise) can be main- 
tained for a long period if properly tended. 


5. On sectors with slightly solonetzic brown 
soils and a small percentage of solonetzic 
soils, new orchards should be planned so that 
the main areas are occupied by cherries of 
various maturing varieties and by pears. 
Apples should not be planted on these soils, 
or as few as possible should be planted. Dark 
soils are more Suitable for apples as long as 
they are not waterlogged by thaw waters for 
a long period. 


6. Between rows deep plowing should be 
carried out in all established orchards and 
the soil should receive gypsum treated with 
humus and superphosphates. After this 


treatment the orchards should be irrigated fre- 
quently and at small amounts (500 m3/ha). The 
non-cultivated soil between rows should be 
treated in the same way every 2-3 years, 


Received January 23, 1960 
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MOISTURE-ACCUMULATION IN A FALLOW FIELD 
IN THE SOUTHWESTERN FOREST-STEPPE 


OF THE UKRAINIAN SSR 


N.N. MARTYNOVICH, Cherkassy State Agricultural Experiment Station 


Besides cleaning the soil from weeds and 
converting inaccessible forms of plant nu- 
trient elements into easily available forms, 

a fallow field also accumulates water, and this 
is the main purpose of clean fallows. 


In field crop rotations in the southwestern 
part of the forest-steppe of the Right Bank 
Ukraine, clean fallow fields occupy from 6% 
to 10% of the area. A considerable part of the 
winter wheat crop is distributed over the clean 
fallow fields. A winter crop on clean fallow 
is considered to be the best crop prior to 
sugar beet. An explanation of the role of clean 
fallow in water accumulation and in the water 
regime of the soil in the cycle of a crop rota- 
tion is therefore of great importance. 


Annual precipitation in the southwestern part 
of the Right Bank forest-steppe is about 490 
mm. It is smallest in January, February, 
and March (22-26 mm). From March onwards, 
average monthly precipitation increases, reach- 
ing its maximum in June and July (65-69 mm). 
Subsequently it gradually becomes less towards 
the end of the year until it is down to 30 mm. 
Nevertheless there are considerable annual 
and monthly fluctuations in the amount of 
precipitation. For instance, in 1946, the 
Khristianovka meteorological station recorded 
a total of 324.5 mm and in 1948, 707 mm. In 
August 1948 the amount of precipitation was 
286.5 mm and in July 1947, it was 123 mm, but 
in April and in two ten-day periods, in May 1946, 
it was no more than 6.5 mm. 


Uneven precipitation, when the air temper- 
ature is high and relative humidity is low, 
often causes prolonged periods of drought and 
reduced harvests. In such conditions it be- 
comes of enormous importance that reliable 
sources of moisture should be established and 
that these should be utilized in the most econom- 
ic way. 


We studied the dynamics of soil moisture in 
the fallow field of a ten-field crop rotation: 
1 — mixed grasses; 2 — mixed grasses; 3 — 
winter wheat; 4 — sugar beet; 5 — peas; 
6 — winter wheat; 7 — black fallow; 8 -- 
winter wheat; 9 — sugar beet; and 10 — barley 
undersown with perennial grasses. The soil 
of the experiment region was podzolized cher- 
nozem. Ground-water table was at 5-6 m. 


786 


Observations over five years (1953-1957) 
showed that when winter wheat followed peas, 
the residual moisture content in a 1-1/2 m soil 
layer amounted to 54.8 mm. In years when 
precipitation was plentiful the residual mois- 
ture content before the harvesting of the winter- 
crop preceding the fallow reached 90-144 mm 
(1953-1954). In years when the first half of 
the summer was less rainy it went down to 
23 mm (1952, 1956). 


In the period from harvesting winter wheat 
until the freezing of the soil in the autumn, 
the southwestern part of the Ukrainian forest- 
steppe had an average precipitation of 159 
mm, only 48% of which was retained in the 
soil. 


With the reduction in the residual moisture 
content after the harvesting of the winter crop 
preceding the fallow, and with the increase in 
the amount of precipitation, the utilization 
of the latter improved. In 1952, after the har- 
vesting of the winter crop, 23.7 mm of avail- 
able moisture remained in the 1-1/2 m soil 
layer, i.e., 34.7% of the 142.2 mm precipita- 
tion was retained in the soil; in 1956, when the 
residual moisture content was the same as in 
1952, 63.9% of the precipitation of 229.4 mm 
was preserved. In 1954, when the residual 
moisture content reached 90.5 mm and the 
quantity of precipitation 122.2 mm, the utiliza- 
tion was 29.7%. Finally, in 1953, when there 
was 144,2 mm residual moisture content, the 
precipitation (40.9 mm) was not only not re- 
tained but there was actually a loss of 14.0% 
of the moisture which had remained in the soil 
after the harvesting of the winter crop preced- 
ing the fallow. 


In the end, by the time of the autumn freez- 
ing, there was slightly more than 130 mm of 
available moisture in the 1-1/2 m soil layer 
of the fallow field, with fluctuation over the 
years from 73.1 to 169.7 mm. 


Of the 134.4 mm winter precipitation the 
black fallow retained 50.9% and the total con- 
tent of available moisture in the 1-1/2 m layer 
amounted to 200.2 mm by the spring, that is, 
the wetting of the soil amounted almost to the 
maximum field moisture capacity. In individu- 
al years (1953, 1954, 1955), the utilization of 
winter precipitation amounted to 68%-92%, 
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which were record amounts. In years when 
the autumn moisture contents in the soil 
amounted to 160-170 mm, the absorption of 
winter precipitation in the root layer de- 
creased sharply (1956, 1957). In addition to 
the size of the autumn moisture content, there 
are various factors which play an important 
part, such as the nature of the freezing of the 
soil (when it begins, its length and how deep it 
goes) and the weather conditions in the spring. 


However, whereas precipitation in a fallow 
field may be well retained in the winter (or, 
more exactly, the spring), it will be poorly 
utilized in the summer in a fallowing year. 

Of 289 mm precipitation which fell during 

the period from the spring thaw to the sowing 
of the winter crop, not one millimeter was re- 
tained in the 1-1/2 m soil layer in the fallow 
field. Moreover, by the time of the sowing of 
the winter crop, 32 mm, or 11.2% of the spring 
moisture content, was lost. A small absorp- 
tion of the summer precipitation in the fallow 
field was observed only when the spring mois- 
ture content in the fallow was comparatively 
small (1954-156 mm) and the amount of sum- 
mer precipitation was quite considerable (Table 


Loss of moisture in a fallow field can come 
about in various ways. With the high air tem- 
perature and low relative humidity which ac- 
companies precipitation in the summer months, 


evaporation increases both from the surface of 
the soil and from the deeper horizons. In years 
when summer precipitation was very poorly 
retained by the soil, the mean diurnal air 
temperature during the summer was 2-3°C 
higher than the long-term average. In 1953, 
when 27.4% of the spring moisture content 

was lost during the summer, the mean air 
temperature in June reached 19.8°C (normal 
mean temperature 17.2°C), in July 21.1°C 
(normal mean temperature 19.0°C), in August 
19.2°C (normal mean temperature 18.3°C). At 
a depth of 20 cm the temperature of the soil 

at this time reached 22-23°C. In such tem- 
perature conditions it has been proved that 
precipitation amounts of from 5-10 mm, which 
in colder periods of the year can be used, 
cannot be utilized in the summer months. 


Loss of moisture becomes greater with the 
increased moisture in the soil. The facts pre- 
sented by Bityukov and his colleagues (2) show 
that the more moist the soil is the more it gives 
off moisture. Fabrikant (11) and Poznyshev 
(8) have reached the same conclusions. Park- 
homenko (7) shows that when the soil moisture 
reaches approximately 66% of field moisture 
capacity, evaporation from the soil surface 
becomes similar to evaporation from a water 
surface. Burov (3) notes that in the conditions 
obtained in the Trans-Volga region evaporation 
of water from a surface of fallow soil is 1-1/2 
to 2 times greater than from a soil surface with 


Table 1 


Accumulation of precipitation on black fallow 


Indices 


Available moisture in a 1-1/2 m 
soil layer after harvest of crop 
preceding fallow, mm 


Available moisture in a 1-1/2 m 
soil layer in autumn after harvest 
of crop preceding fallow, mm 


Precipitation during period from 
harvest of previous crop until 
autumn freezing, mm 


Precipitation retained during the 
period, % 

Available moisture in a 1-1/2 m 
soil layer in spring of fallow 


CST. oe 
Winter precipitation, mm 
Winter precipitation retained, % 


Available moisture in a 1-1/2 m 
soil layer before sowing winter 
wheat on fallow, mm 313,41 
Precipitation from spring to sow- 
ing of winter wheat in fallow 
year, mm E , 
Precipitation retained during 
period from spring to sowing of 
winter wheat, or amount of 
moisture lost, % 


Note: Comma represents decimal point. 


—27,4 


Under fallow in 
Average 


144,2 


124,0 


40,9 


—14,0 
156,0 


34,9 
92,5 
194,9 


294,2 


13,4 | —36,0 
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vegetation, An increase in evaporation is also 
caused by the periodicity and frequency of soil 
wetting. 


In addition to evaporation and surface run- 
off which would appear to be the principal and 
most dangerous means by which there is a 
loss of moisture from a fallow field, a less 
dangerous cause of loss is when there is out- 
flow or percolation beyond the 1-1/2 m limit 
of the soil layer. But, as can be deduced from 
the facts given by Kolpakov (5), an increase in 
the computed layer of soil from 1.5 to 2 m 
substantially increases the coefficient of 
utilization of precipitation. 


It is not only in the conditions existing at 
the Cherkassky experiment station that 
considerable moisture losses have been ob- 
served during the summer in fallow fields. 

An analysis of the data published by the Belot- 
serkovsky experiment station (1) show that on 
the average during the five years, 1951-1955, 
in the period from the spring thaw to the 

sowing of winter wheat, only 4.3 mm of avail- 
able moisture accumulated in the 1-1/2 m 

soil layer of fallowing field; this constitutes 
about 2% and is hardly of practical significance. 


In only two of the years mentioned previous- 
ly (1954 and 1955), when the spring moisture 


contents in the fallow were comparatively small, 
was moisture accumulation observed; in the 
other years (1951, 1952, and 1953) the mois- 
ture losses in the 1-1/2 m_ soil layer during 
the summer period amounted to 5.7%- 10.8% 
(Table 2). 


Here the black fallow collected 136.7 mm 
of available moisture between the harvesting 
of the previous crop and the spring thaw. In 
this period utilization of precipitation 
amounted to 50.4%. 


The report issued for the Drabovsky experi- 
mental field at the Cherkassky experiment sta- 
tion (10) shows that 63.7% of the autumn-winter 
precipitation was retained by the fallow field. 
In the left Bank Ukraine during this period the 
1-1/2 m soil layer collected 81.1 mm of 
available moisture and its spring moisture 
content exceeded 177 mm (average for the 
years 1951-1957). The spring-summer pre- 
cipitation was as poorly retained here ina 
fallow field as in the Right Bank Ukraine and 
the average loss of spring moisture content 
over the seven years (1951-1957) in a fallow 
field amounted to 15.8%. In individual years 
(1951, 1953, 1955) the loss amounted to 26.7% 
and more, and it was only during the summer 
of 1956 in the fallow year up to the sowing of 
the winter crop that the available moisture 


Table 2 


Accumulation of available moisture in a fallow field in a fallow year. 


Data obtained at the 


Belotserkovsky experiment station 


Available moisture in a 1-1/2 m soil layer in the years: 


Spring thaw 

Sowing of winter wheat 

Accumulation or loss of 
moisture, mm 


The same, % 


Note; Comma represents decimal point. 


1955 Average 


210,6 


Table 3 


Moisture accumulation by a fallow field of crop rotation during fallow year in the western 
part of the left bank forest-steppe of the Ukrainian SSR 
(Data supplied by the Drabovsky experiment station) 


Spring thaw 

Sowing of winter wheat 

Accumulation or loss of mois- 
ture, m 

Ditto, % 


Note: Comma represents decimal point 


Available moisture in a 1-1/2 m soil layer in the years, mm 


187,5] 198,6| 259,71100,4 
132,9 171,5] 182,2 
—94,6 |—27,4 |—77,5 |—18,3 |—54,5 +51 ,5|—15,3/—28 0 


—29,4 |—13,7 |—29,9 |—18, 2 |—26, 7]-151,5 —8,0/—15,8 


203, 9) 100,41} 190,4] 177,2 
149,4) 151,6] 175,41] 149,2 


82,1 
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content went up 1-1/2 times in the 1-1/2 m 
soil layer (Table 3), 


These facts show that a fallow field poorly 
utilized the summer precipitation, and in 
many cases even lost part of the moisture 
which had accumulated in the autumn-winter 
period. An analysis of the dynamics of the 
total content of moisture does not offer suf- 
ficient basis for an explanation of the peculiar 
nature of the accumulation and disposal of 
moisture throughout the soil profile. 


As was pointed out earlier, after the har- 
vesting of the crop preceding the black fallow 
(winter wheat), a comparatively small residual 
available moisture — about 50 mm — remains 


in the 1-1/2 m soil layer. The upper meter of 
soil is particularly poor in moisture, It is 
mainly towards autumn that the available mois- 
ture content is replenished in this layer and 

it is only towards spring in the fallow year that 
a renewal of the available moisture content is 
observed throughout the 1-1/2 m soil profile. 
In the summer period, up to the sowing of the 
winter crop, losses of moisture in a fallow 
field are observed throughout the soil profile, 
but the upper third loses almost as much as the 
two lower thirds. By the time of the autumn 
freeze (after the sowing of winter wheat), the 
available moisture content begins to be re- 
plenished, When this occurs, a very even 
distribution of available moisture is observed 
throughout the soil profile (Table 4). 


Table 4 


Distribution of available moisture in a 1-1/2 m soil layer in a fallow field 
(Cherkassky experiment station) 


Quantity of available moisture in mm for observation periods 


1952—1957 


Depth, cm 
SSRIFSRGBSSY 


iS 


024 6 8&8 10 % M4 6 


After harvest | Autumnafter 


of crop pre- | harvest of 
ceding preceding 
fallow 


Autumn 
before 
freezing 


Time of 
winter wheat 
sowing 


Om turd babael0 Seb BE O24 68-1012. 4 16 


Available moisture, mm 


Files Ie 
A - 1956-1957. 
ceding black fallow; 


B - 1955-1956. 


fallow is harvested; 3 - in spring of the fallow year; 


wheat. 


- Dynamics of available moisture in a 1-1/2 m soil layer in a fallow field. 
C= 91952-1953 


2 - autumn freezing in the year when the crop preceding black 


1. harvesting of the crop pre- 


4 - before sowing of winter 
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When winter wheat precedes fallow, a fairly 
long period of time (3-3-1/2 months) elapses 
following its harvesting until the soil freezes. 
In years when there is plentiful precipitation 
in the second half of the summer (1956), the 
replenishment of the moisture in the autumn 
affects almost the entire 1-1/2 m soil layer 
and in the upper meter the moisture is com- 
pletely restored, By the spring in the fallow- 
ing year it has been observed that the moisture 
content has been fully replaced throughout the 
profile, including the bottom third, but by the 
time of the sowing of the winter crop the 
quantity of moisture throughout the profile 
has begun to decrease (Fig. 1, A) 


Where precipitation is small in the autumn- 
winter period after the harvesting of the pre- 
ceding crop and in the summer in the fallow 
year, the available moisture content in the 
bottom third of the profile will not even be 
restored by the time the winter crop is sown. 
A very slight movement of moisture is ob- 
served from the upper half of the profile to 
the lower (Fig. 1, B). 


When the 1-1/2 m soil layer is completely 
dry and there is only a small amount of pre- 
cipitation after the harvesting of the preceding 
crop to the autumn freezing, the available mois- 
ture content is restored within the plowing 
layer and its full replenishment throughout the 
profile is not observed till the spring in the 
fallow year (if winter precipitation is adequate). 
By the time the winter crop is sown, the quantity 
of moisture throughout the profile becomes 
smaller, which is apparently connected both 
with evaporation and with the migration of the 
moisture to deeper horizons (Fig. 1, C) 


When fallow is preceded by a crop which is 
harvested later than winter wheat (sugar beet, 
sunflower), the full replenishment of the mois- 
ture content throughout the profile is observed 
mostly by the time the winter crop is sown. 


The facts collected over many years by the 
Belotserkovsky experiment station show that 
the replenishment and distribution of available 
moisture in the soil profile have the same 
character as at Cherkassky (Table 5). 


At the Drabovsky experiment field the 
available moisture content in the soil profile 
is replenished in a different way. Owing to 
the poor physical properties of the soil, the 
moisture from precipitation does not easily 


penetrate to the lower third of the 1-1/2 m soil 
layer; this causes the moisture contents to be 
unstable and subject to quick losses. There is 
no essential replenishment in the bottom 1-1/2 
m until towards the autumn freezing, after the 
sowing of winter wheat on the fallow (Table 6). 


As has been pointed out previously, by the 
time the winter wheat is sown on the black 
fallow, the average accumulation of available 
moisture over the seven years has been up to 
200 mm. During the period from the sowing 
of the winter crop to the autumn freezing, 
14.6% of the available moisture in the 1-1/2 
m soil layer before the sowing of the winter 
crop has disposed (exclusive of the precipita- 
tion of 51 mm during this period). In years 
when precipitation is slight, the autumn con- 
sumption of moisture by a fallow winter crop 
has increased from 14.6% (29 mm) to 30%-35% 
(58.4 mm). Increase in the available moisture 
contents up to the time of autumn freezing has 
been observed only in cases where more than 
100 mm precipitation has fallen after the sow- 
ing of the winter crop. 


The facts observed over many years show 
that a fallow winter retains about 45% of the 
118.9 mm of precipitation, as a result of 
which the quantity of available moisture in 
the 1-1/2 m soil layer is replenished and 
reaches 219.7 mm by the spring thaw. The 
drier the soil and the greater the precipita- 
tion, the higher is the utilization. 


A comparison of the water regime in the 
1-1/2 m soil layer occupied by the principal 
previous crops of winter wheat (black fallow, 
perennial grasses, peas) shows that the maxi- 
mum difference in soil moisture contents with 
these crops is observed at the time when 
they are harvested. By the time of sowing the 
winter crop, however, this difference is re- 
duced as a result of the better absorption of 
precipitation by the drier soil. An important 
role in this is played by the improvement in 
the permeability of the soil after the perennial 
grasses, Inthe seven years (1949-1956)the aver- 
age available moisture content on the fallow be- 
fore sowing the winter crop was 185.7 mm, and after 
the perennial grasses, 151.3 mm. In the 
time from sowing to the onset of winter, a 
winter crop on the black fallow consumes the 
moisture more quickly since in the develop- 
ment of its tops it usually outdistances a winter 
crop following grasses. As a result of this 
the moisture content under winter wheat on the 


Table 5 


Distribution of available moisture in a 1-1/2 m soil layer. (Data from 
the Belotserkovsky experiment station, 1951-1955) 


Period 
0—3 


Spring of fallow year 
Before winter crop sowing 


Note: Comma represents decimal point. 
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Available moisture in mm by soil layers, cm 


| 31-60 | 61-90 | 91—120|121—150| 0—150 


MOISTURE ACCUMULATION 


fallow and following grasses evens out, although 
in individual years with a dry autumn the mois 
ture under winter wheat following grasses is 
substantially less, 


corresponding amount of straw) 4.98 mm of 
water is used up, and for 1 entr of yields of 
a winter crop following grasses, 4.7 mm. If 
we allow for the water lost by the fallow field 
up to sowing the winter crop, its utilization 


Calculations show that for 1 entr of the total sharply i i i 
yield of a fallow winter crop (grain with the 9.08 Prdsba asa: Mine 
Table 6 


Accumulation and distribution of available moisture throughout the 
soil profile in a fallow field in the left bank Ukraine. (Data from the 
Drabovsky experiment field, 1951-1957) 


Available moisture in mm by periods 


Aut ; : 
Depth, cm Stee Spring of | Before sow-|_ Autumn in 


: i : year of sow- 
receding cr allow ing winter 


: ing winter 
is harvested year crop 


56,3 
42,4 
2359 
122,64 


Note: Comma represents decimal point. 
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Influence of crops occupying thef allow field on the water regime of soil under winter wheat 


Year of calculating yields and crops 
preceding winter wheat 


Indices 1949—1956 1954—1958 


Black |Perennial] Black 
fallow grasses | fallow 


Available moisture in a 1-1/2 m soil layer after 
harvest of preceding crop, mm 

Same, in a 1-1/2 m soil layer at time of winter 
wheat sowing, mm 

Precipitation during the period, mm 

Available moisture in a 1-1/2 m soil layer in 
autumn in year of winter crop sowing,mm 

Precipitation during period from winter crop 


sowing to autumn freezing, mm 


Utilization of precipitation or moist. loss, % 
Available moisture in a 1-1/2 m soil layer in 
spring of year of winter crop harvest, mm 


Precipitation in the winter, mm 

Available moisture in a 1-1/2 m soil layer at 
time of winter crop harvest, mm 

Precipitation in summer period, mm 

Moisture expenditure during growing period, mm 


Moisture expenditure during period from har- 
vest of preceding crop to winter crop harvest, 
Consumption per centr of harvest: during growing 

period, mm A 
From harvest of preceding crop 
to winter crop harvest, mm 


(psp 
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Table 8 


Influence of crops occupying fallow on the water regime of soil under sugar beet 


Available moisture in a 1-1/2 m soil 
layer in the crop rotation, mm 


Period Perennial 


grasses - 
winter wheat - 
sugar beet 


Black fallow - 
inter wheat - 
sugar beet 


Peas - winter 
wheat - au- 
tum plowland 


In autumn, after sowing winter wheat, 1953-1955 
In spring, after the thaw, 1954-1956 

Time of winter crop harvest, 1954-1956 

In autumn, after plowing 

In spring in the year of beet sowing, 1955-1957 


Note: Comma represents decimal point. 


Available moisture, mm 


1953 — 1955 


, ; : Cc a c a 

'e moisture in a 1-1/2 m soil layer in various crop rotations. 
winter crop - beets (autumn plowing); 2 - beets - peas - 
autumn plowing); 3 - grasses - grasses - winter crop - beets 
(autumn plowing); a - spring; b - harvest; c¢ - autumn. 


Fig. 2. - Dynamics of availab 
] - winter crop - fallow - 
winter crop - fallow ( 
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A comparison of the water regime of black the pea harvest) and the moisture content erew 
fallow soils and pea fallows (1954-1958) shows 


respectively to 187.8 and 122.0. In spring the 
that a pea fallow is even more inferior to a available moisture content in this soil layer 
black fallow in the available moisture content under winter wheat on the black fallow reached 
in the 1-1/2 m soil layer at the time of the 211,1 mm, and following peas, 157.2 mm. The 
sowing of the winter crop than is a perennial consumption of moisture per cntr of produce, 
grass sod, The average amount of available including the moisture lost in the fallowing 
moisture in the years 1954-1958 before the period, amounted respectively to 10.3 mm and 
winter crop was 167.9 mm on the fallow 6.9 mm and, excluding the moisture lost in the 
and 87.3 mm after peas. By autumn this fallowing time, to 5.6 mm and 5.5 mm (Table 7). 
difference had been sharply reduced (owing 


to the better utilization of precipitation after The average harvest of winter wheat following 


1947-1949 1948 — 1950 { 1949-1951 
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130 
150 


Depth, cm 


1955 - 1957 1956 — 1958 1957 — 1959 


130 
150 


Ne CR OR Re i ace |) 
Available moisture, mm 


i i i i j lable moisture contents in a 1-1/2 
i . - Distribution of residual availa r 2 
Ro layer. 1 - after harvesting the crop preceding black fallow; 2 
after harvesting winter wheat following black fallow. 
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the three previous crops over seven years 
(1952-1958) was: following black fallow, 

32.6 cntr/ha; following perennial grasses, 

30.4; following peas, 29.8 cntr/ha. The hay 
yield of perennial grasses amounted in one 

yield to more than 34 cntr/ha, andthe pea 
harvest, to 27 cntr/ha. The comparatively slight 
superiority of the fallow winter crop is due to 

the fact that a winter crop following fallow is 
usually greatly lodged. Consequently, on 

the black fallow a considerable part of the 
moisture is used unproductively. 


After harvesting the winter wheat following 
clean fallow, perennial grasses, and peas, 
there is an almost identical amount of avail- 
able moisture in the 1-1/2 m soil layer; 
the difference between the remaining amounts 
after the harvest of the winter crop with these 
previous crops does not exceed 20-25 mm. By 
autumn the moisture contents even out, and 
by the spring, in a year of beet sowing, in 
fallow occupied by peas — fallow — winter 
crop, the moisture is even somewhat larger 
than in the black fallow — winter crop (Table 


The data graphically presented in Figure 2 
show that it was only in 1956 in the fallow — 
winter crop — beet that the available moisture 
contents before the sowing of beet were con- 
siderably higher than in the other portions of 
rotation. The moisture deficit in the grasses 
— grasses — winter crop — beets, and beets 
— peas — winter crop — autumn plowland was 
caused on the one hand by severe drying of 
the soil by grasses and beets, and on the other 
by poor replenishment with precipitation which 
was also very slight in the second half of the 
summer in the year in which grasses and 
beets were harvested: in 1952 there was 307.5 
mm, in 1954 it was 231.3 mm and in 1953 only 
82.5 mm. 


An analysis of the distribution of the residu- 
al moisture contents in the soil profile shows 
that in the lower horizons, where, it would 
seem, the influence of the fallow ought to be 
particularly noticeably, the residual moisture 
contents after the harvest of the winter crop 
were the same as before fallow. Some in- 
crease in moisture contents in 1954, 1957, 
and 1958 was caused by the moistening of the 
upper horizons by precipitation (Fig. 3). 


The total moisture content to remain after 
the harvest of the fallow winter crop was not 
more than the quantity which was in the soil 
before the beginning of fallow. On the average, 
over the seven years, the residual moisture 
contents before fallow and after the harvesting 
of the fallow winter crop were respectively 
56.6 mm and 46.4 mm. Only when there is 
abundant precipitation in years when a fallow 
winter crop is harvested will the residual 
moisture contents be more than those before 
fallowing. The available moisture contents 
(in millimeters) before fallow and at the 
time of harvesting the fallow winter crop in 
the crop rotation fields amounted respectively 
(over the years) as follows: 


794 


Field VII 1948-1950 42.4mm 44.8 mm 
Val ol 949-1951 eecO ss) eee 6236s 
Vi VieelO5 2-1 054ame 2 Sole 5059 ma 
” JV 1953=1955 144.25 '! 7 6eO ia! 
1 5 The 1 954=1 9569 90loeay Rye ek 
" JI 1955-1957 759 alt ikea) 
ae 1956-1958 2occmeae 32) 5am 


Consequently, in the conditions of the 
Cherkassky experiment station, clean fallow 
does not ensure the accumulation of moisture, 
not only over the whole crop rotation but even 
for the second crop, and its effect is limited 
by the first crop (winter wheat). For fuller 
utilization of moisture, therefore, it is essen- 
tial to sow a crop in the fallow field. The in- 
fluence of crops occupying the fallow on the 
water regime of the soil, and the method of 
selecting the best of them, are outside the 
sphere of this paper. It is only necessary to 
point out that the best of them will be those 
which leave the field free early and do not 
cause any perceptible reduction in the winter 
wheat harvest. It follows that one should 
recognize that the most reliable crop on 
fallow is the vetch-rye mixture, and the most 
valuable, peas. Although the first can be 
sown almost everywhere, the second can only 
be sown in districts where the harvest reaches 
25-30 cntr/ha and the yield of winter wheat 
obtained is high. 


Received December 21, 1959 
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‘EFFECT OF DEEP CULTIVATION ON THE COMPACTION 
AND BULK DENSITY OF SANDY SOILS 


SUN DE LIN, Moscow Forestry Institute 


It is common in agricultural practice that 
the principal way of preparing the soil is 
cultivation, which reduces the soil's resis- 
tance to the development of crop root systems, 
makes for the accumulation of soil moisture, 
and gives better aeration and weed control. 

It is only recently, however, that deep culti- 
vation of the soil and subsoil has come into 
use in connection with the afforestation of 
sandy soils. There had been failures in the 
use of agricultural technical measures in con- 
nection with the afforestation of the Lower 
Dnieper sands, owing to mainly, the use of 
methods inappropriate to local conditions (small 
furrows without cultivation of the bottom or con- 
tinuous working of the soil to a depth of 18-20 
cm) (2). Nowadays, on the suggestion of the 
Lower Dnieper Scientific Research Station 

for Sand Afforestation and the Ukrainian Insti- 
tute of Forestry and Melioration, deep 
mechanized cultivation of the soil and sub- 
soil is being used on level and level to rolling 
sands in the Lower Dnieper forestries, and 

is proving successful. The preliminary 
mechanized cultivation is performed in the 
fall preceding plantation, with a converted 
PKB-56 plow. The soil is broken down in 
strips, to a depth of 60-70 cm, the distance 
between the strips being 2-1/2-3 m. A con- 
verted LBD-45 disk harrow is used for level- 
ling the surface of the cultivated strips, filling 
up the cavities formed in the soil and removing 
herbaceous vegetation (1). With deep cultiva- 
tion the root systems of pines develop quickly 
and, penetrating deep into the soil, penetrate 
the dry top layers and acquire resistance 
during periods of drought. 


Our research data show that deep cultiva- 
tion greatly affects the compaction and 
bulk density of sands. In sandy soils, of 
course, compaction is not only a most import- 
ant factor in determining the resistance of the 
soil during plowing and in establishing the 
right traction power but also affects the de- 
velopment and structural study of the root 
systems of the young trees. It is often found 
that pine roots make extensive use of the roots 
left over from preceding vegetation in deepen- 
ing their own root system. This is because the 
natural constitution of the soil in sands makes 
it difficult for the root systems to penetrate 
the deeper layers of the soil during the early 
years of the crop's life, owing to high mechani- 
cal resistance. Despite the widespread notion 
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that sands are friable, they act as a strong 
barrier against the penetration of roots into 
the deeper layers. 


In order to find the effects of deep cultiva- 
tion of the soil and subsoil on the compaction 
of sands and its variation after cultivation we 
determined the compaction of sands in June 
1960, in a number of plots where the soil and 
subsoil had been cultivated at different times 
and also on unworked sands. The depth of 
cultivation was 60 cm. Compaction was de- 
termined with a Revyakin penetrometer. The 
measurements were replicated five times at 
intervals of 10 cm ina 100 cm layer. The 
soil of the plot concerned was an incompletely 
developed sandy chernozem with a 10 cm 
humus horizon. The ground waters were 3 m 
beiow the surface, 


The results are shown in Figure 1. Down 
to a depth of 60 cm a considerable difference 
in compaction is observed between the culti- 
vated and the non-cultivated layers. If we 
take the compaction at a depth of 40 cm in 
the non-cultivated sands as 100%, the compac- 
tion in the plots where the soil was loosened 
in 1956, 1957, 1958, and 1959 to the same 
depth is 30%, 27.9%, 16.3%, and 13.7% re- 
spectively. This means that one year after 
the soil was loosened the compaction of the 
sands in the cultivated layers was reduced to 
1/7 as compared with the non-cultivated layers. 
With time the sands again compact. Four 
years after cultivation the compaction of the 
cultivated layer at a depth of 40 cm is 6.7 
kg/cm? against 19.0 kg/cm? in the non-culti- 
vated sands. Investigations will have to be 
continued in order to establish how many years 
it takes for a loosened layer to revert to the 
same degree of compaction as natural sand. 


Deep cultivation of the soil and subsoil, then, 
by creating good aeration conditions, makes 
for rapid and deep root penetration on the part 
of young crops. 


As we know, the bulk and particle density of 
sands depends on their mineralogical composi- 
tion, When this is constant the bulk density 
is closely associated with porosity and mois - 
ture. Deep cultivation of the soil and subsoil 
greatly affects the compaction of the sands 
which, in turn, affects the bulk density. Bulk 
density was studied on the same plots as 
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compaction. Samples were taken with a tube, 
replicated three times at intervals of 10 cm to 
a depth of 100 cm. 


Figure 1B shows the results obtained. Bulk 
density in the cultivated horizons was consid- 
erably below that in the non-cultivated hori- 
zons. The value depended on when the soil 
had been loosened and was in direct propor- 
tion to the lapse of time. Four years after 
cultivation the bulk density was still lower than 
in the non-cultivated sand. 


The results show that the pattern of varia- 
tion in bulk density as a function of the lapse 
of time after cultivation coincides with the 
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variation in compaction. 
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RELATION BETWEEN SOIL MOISTURE AND COTTON EXUDATION 


L. A. FILIPPOV, Moldavian Institute of Scientific Research on Horticulture, Viticulture, and 


Winemaking 


Numerous investigations have shown that 
yields of irrigated crops are highest when 
soil moisture in the root (calculation) layer 
is maintained at not less than 65%-70% of 
field moisture capacity (FC), (1, 2, 3, 6,7). 
If soil moisture is allowed to fall lower, the 
plant growth is usually depressed and yields de- 
crease sharply. Rode (6) uses the term "cri- 
tical moisture" or "moisture of retarding plant 
growth to mean the level of soil moisture at 
which plant growth is slowed down; Astapov and 
Shishkov use the expression 'moisture of de- 
pressing plant growth" (2). Rode, discussing 
the original research of Litvinov (5 and else- 
where), aimed at establishing a basis for this 
very important constant, draws attention to 
the close connection between critical moisture 
or moisture of retarding plant growth on the 
one hand and the rate of plant growth and ces- 
sation of exudation from the cut on the one 
hand and the rate of plant growth and cessa- 
tion of exudation from the cut stem, on the 
other. The investigations of Litvinov and 
Kolotova, however, were not continued. The 
quantitative relationship between the most im- 
portant water-physical constants of the soil 
and the amount of exudation indicating that 
soil moisture is physiologically available to 
the plants has remained unknown. 


In view of the great importance of exuda- 
tion phenomena for establishing the critical 
degree of soil moisture for plants under 
irrigated cultivation we made a series of 
investigations with the aim of establishing 
the quantitative relationship between soil 
moisture and the direction of the cotton exu- 
dation and yield. Results showed that positive 
exudation was a sign of a favorable water 
regime, whereas negative exudation indicated 
a water deficit (9, 10). 


In this communication we give the results 
of investigating cotton exudation in regulation 
to soil moisture under field conditions and 
evaluate this relationship in terms of the 
availability of soil moisture to plants and the 
critical level of soil moisture. 


The investigations were made on experi- 
mental plantations at the Ukraine Institute of 
Scientific Research on Irrigation Husbandry 
(Kherson) in 1954-1956, The degree of exuda- 
tion was determined by the method previously 
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used during the budding and flowering periods, 
both with and without irrigation. In each case 
four or five typical plants were selected from 
points which differed as regards soil wetting; 

soil moisture at these points was determined, 
too, 


The top portion of the plants was cut at 
different times of the day at a height of four or 
five cm above the soil surface. Graduated 
glass tubes, half filled with water, were 
attached to the stems of the cut plants. The 
direction of exudation was determined from 
the position of the meniscus in the tube. 


In 1954 the soil moisture was determined 
only at a depth of 30 cm, since we had es- 
tablished that at this depth the moisture of 
the soil in question, whether under cotton 
or other crops, was in most cases equal or 
approximately equal to the mean moisture 
of the theoretical layer (11). In 1955 and 1956 
the soil moisture was again determined at 
every 10 cm. The measurements were made 
three or four times at each point. 


The soils in the plots concerned are slightly 
solonetzic chestnut silty coarse clay loams. 
Field moisture capacity in the top meter 
layer varied from 19%-21%, according to 
genetic horizon, and the wilting moisture was 
7%-8%. 


1954 was a year of considerable drought. 
Irrigation experiments were performed once 
or several times, up to four times. The raw 
cotton yield amounted to 20-22 centners per ha, 
The years 1955 and 1956 were comparatively 
cold, with abundant precipitation in the first 
half of summer until the flowering stage of the 
cotton, Irrigation was done once or twice and 
ia yield of raw cotton was 16-18 centners per 

a. 


Figure 1 compares the exudation rates ob- 
tained two hours after the plants were cut in 1954, 
The stems were cut at 13:00-14:00 hours during 
the flowering and budding periods. 


The comparison shows that exudation was 
positive when the soil moisture at a depth of 
30 cm was more than 65% of field moisture 
capacity and that when it was less than 60% of 
field moisture capacity exudation was negative. 
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Fig. 1. - Relationship between cotton exudation 
and moisture of slightly solonetzic chestnut 
soil at a depth of 30 cm. 
Open circles - exudation in plants cut at 13- 
14:00 hours. 
cut at 10:30-11:00 hours (4 days after irriga- 
tion). 


The change from positive to negative exudation 
occurred when the soil moisture was just under 
65% of field moisture capacity or, in other 
words, at the same stage as we had observed 
cotton exudation to cease in similar soils at 
the Brilevsk Experimental station in 1952 (9). 
The reason why the experimental points are 

so scattered is that the rate of exudation de- 
pends largely on the extent of root systems. 
As Krasovskaya's (4) and Sus's (8) investiga- 
tions show, the better the development of 

the root system the higher the rate of exuda- 
tion. This was observed by us when we de- 
termined the exudation from cotton at different 
stages of the plant's development but an identi- 
cal degree of soil moisture. 


Figure 1 also compares the soil moisture 
with the simultaneous exudation from a group 
of plants on a plot unevenly wetted by irriga- 
tion (black circles). The soil was wetted to 
a depth of 40-50 cm at some points, while at 
others only the top 5-7 cm layer was wetted. 
The plants were cut between 10:30 and 11:00 
o'clock the morning of August 11th, four days 
after irrigation, when the bolls were beginning 
to form, At the well-wetted points abundant 
secretion was observed, whereas at the points 
where the soil moisture was low, at a depth 
of 30 cm and in other parts of the root layer, 
exudation was negative. In this instance 


Black circles - exudation in plants 
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simultaneous determination of the exudation 
from equally well-developed plants revealed 

a more pronounced qualitative relationship 
between the exudation rate and the soil moisture. 
The scatter of the points from the straight line 
was negligible. The values obtained are evident- 
ly a correct reflection of the relationship be- 
tween the soil moisture and cotton exudation. 
Nevertheless, when the soil moisture was 
lowered, it was found that exudation changed 
from positive to negative. This shift can be 
explained by the fact that the diurnal exudation 
peak occurred between 11:00 and 13:00 hours, 
the plants having been cut earlier, in accord- 
ance with the known phenomena of daily 
periodicity. When the plants were cut later, 

at 13:00 to 14:00 hours, the straight line on 

the graph shifted to the right, roughly into the 
position indicated by the dotted line. Comparing 
the position of this straight line with the series 
of first determinations we can readily see that 
the majority of the points lie very near it, ex- 
cept for four, owing to negative exudation, 
which lie to the left of the graph. The reason 
for this deviation is that two determinations 
were performed on a non-irrigated plot where 
the plants and, obviously, their root systems 
were poorly developed, and two at the end of 

the budding stage, in less well-developed plants. 
If we exclude the influence of this secondary 
factor on the exudation rate we can detect 

a very clear quantitative relationship between 
exudation and soil moisture. 


Under field conditions the degree of soil 
wetting along the profile of the root layer may 
vary greatly. In most cases the lower parts 
of this layer will be more wetted than the top 
parts. In irrigated plots, however, the top 
layers of the soil are often more wetted than 
those below. This happens after irrigation 
to low standards or after rain which has wetted 
the top 20-30 cm of soil. Such conditions do of 
course exert a definite influence on the quantita- 
tive relationship between exudation and the mean 
moisture content of the calculation layer, as 
can be seen from the numerous determinations 
we made in 1955 and 1956. 


Table 1 shows the results of the 1955 deter- 
minations, giving the rate of exudation three 
hours after the instruments were mounted and 
the calculated moisture content for the first 
half meter and meter layer. 


Comparing the data we find confirmation 
for the common pattern: when the soil mois- 
ture is high plant exudation is positive and when 
the soil moisture is low plant exudation is nega- 
tive. no matter which plot we take, and irrespec- 
tive of whether irrigation has been applied or 
not. The maximum exudation was generally 
found to occur when the plants were cut at 12 
or 9 o'clock, as one would expect in view of 
the diurnal periodicity effects in the physiologi- 
cal processes of the plants (12), No such 
distinct quantitative relationship between the 
cotton exudation and the soil moisture, as was 
found in 1952 and 1954, could be detected in this 
year. The change from positive to negative 
exudation when the plants were cut at midday 
occurred when field moisture capacity was be- 
tween 60% and 50% — in other words, ata 
lower moisture. This was due to the peculiar 
water regime created for the plants. 


L.A. FILIPPOV 


Table 1 


Relationship between cotton exudation and soil moisture, 1955 


Exudation | Mean on ce ae 
; Cuttin rate, 3 hrs. |,28 percentage ul 
Determin Stages and periods 8 aft field. 2 oist. cap. in 


i Treatments time er 
ree of development Z (hr) cutking, ee | or 
i Without irri- 9 +0, 11 
July 23 Budding Lats 12 0132 55,1 61.5 
15 —0,19 
Eee a ea ee 
Aug. 4 Beginning of a4 9 +0,62 
- flowering 42 +1,56 50,7 60,7 
AS +-0,49 
With irriga- 9 +4, 28 
tion 42 +4,65 62,3 65,1 
15 +3,50 
.15 | Mass flowerin Without irriga- 9 +0,47 
ne * pal p ote 1 0°40 45,2 | 50,7 
15 —0,54 
With irrigation 9 +1,69 
pe +1,70 58,6 60,2 
45 +1,12 


Without irriga- 
tion 


With irrigation 


Without irriga. 


Mass formation of 
With irrigation g —3,00 44,8 


bolls | 


; 47,7 
Sept.2 | " | " | Q 59,8 | 61,5 
Sept. 3 i 6 
abe oles 48,0 
15 
Note: Comma represents decimal point. 

In the middle of the budding stage (July 23), suction of the plant root system had developed. 
when the mean moisture content in the top The plants evidently used the easily available 
meter layer of soil was 61.5%, positive exuda- moisture from this layer first of all. Such 
tion was observed only in the early morning; conditions produced a favorable water regime 
during the daytime exudation was negative — in the treatment of the experiment without 
an indication that irrigation was needed. In irrigation, although the mean moisture in the 
the evening 7 mm of rain fell. Despite this half meter and meter layers was comparatively 
furrows were cut and on July 26th irrigation low. The abundantly wetted top layer could not 
was performed at the rate of 400 m3 per ha, exert any substantial influence on the average 
More rain (10 mm) fell in the evening of July moisture values in the half meter and meter 
29th and there was a little more again on layers. In the measurements on August 15th 
August 2nd, In the irrigation experiment prolonged exudation throughout the day was 
abundant secretion occurred when the soil observed in the plants under irrigation, along 
moisture was high, On August 4th positive with comparatively low soil moisture. Slight 
exudation was observed throughout the entire rain on August 8-12 again wetted the top layer 
day in the plants under irrigation as well, of the soil and in the irrigated treatment pro- 
although the mean soil moisture, particularly duced a favorable water regime for the plants. 
in the 50 cm layer, fell appreciably. This In the treatment without irrigation consider- 
was because there had been frequent rainfall in able drying of the soil was accompanied by 
the preceding period, resulting in good wetting positive exudation only in the morning. Owing 
of the top 10-15 cm soil layer in which the to the wetting of the top layer, however, the 
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Table 2 


Relationship between cotton exudation and soil moisture 1956 


Deter- Stages and per- ; Exudation | Mean soil moist. 

anal iods of develop-| Treatments Pepe Mee 3hrs.| Ag Rimotat. Bap. 
ment (hr) carling! 

wit o-so | 0-100 


Budding Without irri- 
gation 


12 +3,29 ioe 68,0 

45 +2,66 

Aug. 6 Beginning of Mu 9 —1,08 
flowering 12 —1,22 46,6 49,5 

; 45 —1,91 

With irriga- 9 +2,85 
tion 12 +4,36 74,0 68,6 


gation 


With irriga- 
tion ,. point 1 


With irriga- 
tion, point 2 


Aug.’ 1 | Mass flowering | Without irrigal 
tion 


With irrigation, 
point 1 


With irriga- 


Mass flowering | Without irri- 
tion, point 2 


Aug. 22| Mass formation | Without irrig 
of bolls tion 
ith irriga- 
tion, point 1 
ith irrigatio 
point 2 


Aug. 29] Mass formation | With irriga- 
of bolls tion, point 1 


With irriga- 
tion, point 2 


With irriga- 
tion, point 3 


Note: Comma represents decimal point. 
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change from positive to negative exudation 
occurred at an unusually low mean moisture 
value. On August 18, with the onset of soil 
drought in the treatment without irrigation, 
negative exudation was observed in all the ob- 
servation periods. Nevertheless, positive 
exudation was observed on the same day at the 
most wetted point of the irrigated plot when 
soil moisture was 61.5% of field moisture ca- 
pacity. 


During the next period the weather was hot 
and dry. At the end of August and the beginning 
of September turgor losses and wilting of the 
leaves were observed, particularly in the 
non-irrigated plot. On August 31, and Septem- 
ber 3, sudden drying out of the soil was ac- 
companied by negative exudation in the plants 
of both the irrigated and non-irrigated plots. 
At the same time, however, positive exuda- 
tion was observed in the plants at the ends of 
the furrows which had been most wetted during 
the irrigation and rain, 


Similar values were obtained in 1956, too 
(Table 2), but again no clear quantitative re- 
lationship between the soil moisture and the 
cessation of positive exudation from the plants 
was found. On August 17, for example, when 
the mean soil moisture in the top meter layer 
was 59.1% of field moisture capacity, the 
moment of cessation of positive exudation was 
found to occur when the plants were cut at 
midday. On July 20, however, when the soil 
moisture was lower, positive exudation was 
observed throughout the day — again because of 
the high degree of wetting of the top 10-15 cm 
soil layer, owing to slight rainfall during the 
preceding period. On August 29, very slight 
but negative exudation was observed at one of 
the points in the non-irrigated area even when 
the soil moisture was higher (68% of field mois- 
ture capacity). On the other days when measure- 
ments were made abundant exudation was due to 
the high degree of wetting of the top 30-40 cm 
layer after slight irrigation (350-500 m3 per 
ha). The presence of readily available mois- 
ture in the top layer of the soil produced a 


favorable water regime for the plants, charac- 
terized by positive exudation even at compara- 
tively low mean moisture values both in the 
meter and in the half-meter layers. 


Thus far, we have been taking the calculated 
layer arbitrarily at 0-50 or 0-100 cm. It is 
quite obvious that even with a more differentiated 
thickness the differentiation in the calculated 
layer according to stages of development will 
be maintained. 


Figure 2 shows the most typical cases of 
non-uniform distribution of moisture along 
the profile of the top meter layer at the points 
where exudation was determined. The same 
figure shows the field moisture capacity and 
1.5 maximum hygroscopicity of the soil. It is 
quite clear that the positive exudation observed 
under the favorable water regime of August 17 
(Table 2, point 2) was due to the presence of 
readily available moisture in the top 50 cm 
layer, although the active root layer of the 
soil in the cotton plantation had by this time 
reached a depth of 80-100 cm. On August 22 
positive exudation, even at the other point, was 
due to the presence of readily available mois- 
ture only in a small layer of the soil at a depth 
of about 30 cm, At 40 cm and more the soil 
was very dry. Such wetting conditions along 
the profile of the root layer when slight irriga- 
tion had been applied destroyed the quantitative 
relationship between the mean moisture of the 
half meter and meter layers and the moment of 
cessation of exudation. In this instance the 
soil moisture at a depth of 30 cm was 68.4% 
of field moisture capacity and gave a more 
accurate indication of the water regime of the 
plants, corresponding to the phase of develop- 
ment of the cotton, than did the mean moisture 
of the whole calculated layer even when its depth 
was determined with better differentiation, On 
August 29, when all the readily available mois- 
ture in this layer of the soil had been exhausted 
too, negative exudation was observed. 


The moment when exudation in the plants 
ceases under field conditions, does not, then 


Soil moisture, percentage of absolute dry 
weight 
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Fig. 2. - Distribution of moisture in top meter layers 
of soil after low rate irrigation. 
] - 1.5 maximum hygroscopicity; 2 - field moisture 
capacity; 3 - distribution of moisture on dates 
observed, 
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correspond to a definite and constant degree of 


wetting of the root layer or, as it has become 
accepted practice to call it, the irrigated plot 
or calculated soil layer. In our experiments 

the change from positive to negative exudation 
when the cotton plants were cut between 12:00 
and 14:00 hours was found to occur when the 

mean moisture of the calculated layer lay be- 


tween roughly 50%-70% of field moisture capacity, 


being determined by the character of the mois- 
ture distribution down the profile of the root 
layer. Where there was abundant wetting of 
the top layer with slight irrigation or after rain 
which had produced a favorable water regime 


for the plants, the moment when exudation ceased 


was often found to occur at lower values of mean 
moisture in the calculated layer. The "criti- 
cal" or "moisture of retarding plant growth," 
as determined under field conditions from the 
averaged moisture of the calculated layer, was 
consequently not a constant. This is obviously 
the reason why in a number of experiments 
summarized by Alpat'yev (1) and others, a 
favorable irrigation regime was ensured by 
keeping the soil moisture at a lower level — 
60%, or even 50% of field moisture capacity. 
In most cases, however, a favorable water 
regime for the plants is obtained when the 
moisture of the calculated layer before irriga- 
tion is 65%-70% of field moisture capacity. 
With this degree of soil wetting cotton exuda- 
tion usually ceased, under field conditions, 
when the moisture distribution down the pro- 
file of the root layer was most normal. 


At the same time, it must be noted that 
"critical moisture" below which plant growth 
starts to be suppressed, can have a constant 
value only when there is an even distribution 
of available moisture throughout the root 
layer, and, as Rode suggests, corresponds to 
the so-called "'capillary rupture moisture" or 
is at least near to this value. 


Evaluating the results of these investiga- 
tions we find that they provide confirmation 
for the existence of a very close connection 
between soil moisture and plant exudation, 
such as Litvinov (5) had observed and 
evaluated in his time and on which Rode 
later placed great emphasis (6). After the 
tops of plants are removed the root system 
proves to be a special kind of osmometer for 
directly determining the availability of soil 
moisture to the plant under field conditions. 

A most important point here is that the exuda- 
tion is an integral indicator of all the factors 
which, in whatever degree, influence the 
availability of soil moisture to plants. The 
results obtained on the example of cotton throw 
light on the quantitative relationship between 
plant exudation and soil moisture under field 
conditions, with allowances made for the 
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most important water-physical constants, 
and give a precise value for the "'critical" 
moisture for plants below which plant growth 
is suppressed and yields reduced. 


Received December 26, 1959 
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EFFECT OF CRACKS ON SOIL MOISTURE 


N. F. GAVRILOV, Krasnoyarsk Institute of Agriculture 


In dry weather cracks form in soils, par- and extent of the cracks in all these plots 
ticularly in clay loams and clays, accelerating are shown in Table 1. The cracks were mea- 
moisture losses. sured in meter squares marked out with frames 

set at a specified number of steps diagonally 

We observed the formation of numerous across the plot. 
open cracks in the soil in experimental plots 
of barley at the Voronezh Institute of Agricul- As we see, there was without a doubt a con- 
ture Training Farms during the June 1956 nection between the size of the cracks and 


drought and studied their effect in drill-seeded, the degree to which the soil was shaded by the 
close drill, drill-less and crossed seeded plots. plants, this in turn depending on the regularity 
of the sowing pattern. 


Numerous measures of the width, depth, Table 2 shows how the plot was used with 


Table 1 


Dimensions of soil cracks in barley seed beds, cm 


Mean 
Width | Depth 


Method of sowing 


Drilled 

Close-drill 
Crossed 

Drill-less 

Close drill-crossed 
Drill-less-crossed 


Note: Comma represents decimal point. 


Table 2 


Use of arable area with various methods of seeding, and standing density of 400- 
500 plants per m2 


Percentage of area 


Methods of sowin With optimum |,,. 
3 8 plant distri. | With dense plant 


bution 


Not occupied 
distribution by plants 


Drilled 

Close-drill 
Crossed 

Drill-less 

Close drill-crossed 


Drill-less-crossed 


Note: Comma represents decimal point. 
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each of the different methods of sowing; the 
values were obtained by investigating the total 
quantity of shoots, a screen half a meter square, 
of 5 cm mesh, being used for the purpose, 


_ With the drilled sowing, the area not occu- 
pied by plants made up 60% of the total. With 
close drill and drill-less-crossed sowing the 
corresponding area was 40%. The sizes of 
the cracks varied according to the same pattern, 

-as can be seen from Table 1. The more uni- 
form distribution of the plants when the crossed 
seeding method was used was undoubtedly a fac- 
tor in keeping down the formation and extension 
of the cracks. The cracks formed mainly in 
the open parts of the sown area — between rows 
and in balks. There were invariably a great 
many fewer of them in the shaded parts. 


where W is the water content in the soil in m? 
per ha; H is the thickness of the soil layer, in 


meters; P is the bulk density of the soil; q 
is the soil moisture, in percentages. 


While investigating the soil moisture con- 
tent in the crack zone we also determined the 
bulk density in these places (leached clay loam 
chernozem). The values obtained, layer by 
layer, were as follows: 


Depth—0-10 10-20 20-30 30-40 40-60 60-80 80-100cm 
12) =1.80 1.15 1:22 1.23 1.24 1.25 1.29¢/cm? 


The volume of soil in the zone subject to the 
een of cracks is determined from the equa- 
ion: 
V=104- L+ C-H m3/ha, (2) 


Table 3 


Influence of soil cracks on horizontal and vertical drying of the soil 


Drill seeding 
Con- | 30 cm | 15 cm - 
trol From axis of 
crack 


°, 
6, 
3, 
°, 
6, 
6, 
6, 
4, 


8 
8 
4 
4 
0 
7 
9 
1 


— pm pe pe 


Note: Comma represents decimal point. 


Table 3 shows the results of investigating the 
influence of soil cracks on the moisture content 
of the adjacent soil layers. The moisture 
samples were taken by layers to a depth of 1 
meter in the cracks and alongside them at a dis- 
tance of 15-30 cm. 


The moisture content was determined in the 
second 10-day period in June at the onset of 
the stem extension stage. The samples were 
taken from cracks 20-30 cm deep and 2-3 cm 
wide. 


It can be seen from Table 3 that the effect of 
the cracks on soil moisture content is felt in 
some measure throughout the top meter layer, 
but is particularly noticeable in the soil layers 
adjacent to the cracks and is most marked in the 
topmost horizon. The influence of a crack 
ceases at a distance of approximately 30 cm 
from its longitudinal axis. 


We shall calculate the moisture loss from 1 
hectare of drill seeded land with soil cracks. 
The moisture content is determined from the 
control moisture indices (crack-free areas), 
from the well known formula 


W = 100- H+ Pq m3/ha, (1) 
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crack 


Close drill seeding 


30 cm | 15 cm 
From axis of 


where V is the volume in m° of soil subject to 
the action of cracks over an area of 1 ha; 104 
is the area of 1 ha in m2; L is the mean 
aggregate length of the cracks in m/m?; C is 
the width, in m, of the area subject to the 
effect of cracks; H is the height, in m of the 
soil horizon on which the moisture content 
and losses are calculated. 


Since the moisture samples were collected 
from cracks and at distances of 15 and 30 cm 
from the cracks, in our case C = 0.3 m (15 
cm to the left and 15 em to the right of the 
crack); the mean soil moisture content for 
the first area, 15 x 2 = 30 cm wide, is: 


qn = so % (3) 
and for the second area, (30-15)2 = 30 cm, 
dpb = date %, (4) 
where q, is the moisture percentage in the 
crack, q, the moisture at a distance of 15 cm 


from the axis of the crack and q, the moisture at 
a distance of 30 cm from the axis of the crack. 


Using the values in Table 1 and formula (2) 


N.F. GAVRILOV 


we find that the volume of soil subject to the 
action of cracks in drill sowing is 


v = 104-2.45-0.3*H=7350*-H myha_ (5) 


Hence the moisture losses from the soil as 
a result of cracks in drill seeded plots is de- 
termined from the formula 


Wn = V- P- Aqm3/ha. (6) 


Here Wy is the moisture losses in m5 per 
ha; P is the bulk density of the soil; Aq is 
the difference, in fractions of a unit, between 
the moisture of the soil horizon taken and the 
mean moisture in the given area; that is, 


Aq=4—4n; Aq=q— qb. (7) 
Using the values from Table 3 and the formu- 


lae given above we find the moisture losses from 
the soil from the appearance of cracks (Table 4). 


As a proportion of the physiologically useful 
moisture content (above wilting) this percent- 


age represents roughly a third in the drill seeded 


plot and about a fourth in the close drilled plot. 


As we see, the cracks represent a powerful 
pump, drawing a large amount of the moisture 
from the soil that is necessary to plants. An 
important aim of management is to cover this 
source of loss. 


A good way of counteracting cracks is to 
destroy the crust under growing crops with 
harrows, rotary hoes and ribbed rollers. A 
method which has long been used in advanced 
agricultural practice in early spring single or 
double trace harrowing of winter crops; this 
can be conveniently combined with the addition 
of mineral supplements. 


A certain amount of weeding is done when 
the crust is broken down, with the result that 


Table 4 


Moisture losses in soil due to the presence of cracks; drill seeded barley 


Layers, |Moisturecon 
m tents, m3/ha 


moisture 
contents 


0=04 421 32,6 8,8 A1,4 34,2 
0,1—0,2 146 33,0 6,8 39,8 27,3 
0,2=0.8 184 42,5 9,0 21,5 447 
0,3—0,4 210 19,0 16,4 35,4 16,8 
0,4—0,6 412 14,6 7,4 22,0 5,3 
0,6—0,8 458 34,8 29,4 64,2 14.0 
0. 8—1.0 540 66,5 51,2 417,7 21,8 

0—1,0 2074 213 129 342 16,5 


Note: Comma represents decima 


The cracks removed 16.5% of the moisture 
from the top meter of soil, the maximum rela- 
tive loss occurring in the top horizons, where 
most of the plant roots are situated. The 
corresponding moisture loss in the close 
drill plot amounted to 13%, 


a loose top layer is formed; this militates 
against cracking and in general reduces mois- 
ture evaporation from the soil. 


Received February 4, 1960 
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SAMMA RAY METHOD OF DETERMINING MOISTURE 


N COARSE FRAGMENTARY SOILS 


L.M. MUKHIN and L. V. CHISTOTINOV, Northeastern Department, Institute of Frost Study, 


Academy of Sciences, USSR 


The literature contains many papers on 
methods of determining the moisture content 
of soils and rocks by the gamma ray method 
(1,2,4). Various calculation formulae are sug- 
sested. Ratios of the mass coefficient attenua- 
tion of gamma ray (for a wide beam) to the 
density and distance between the source of radi- 
ation and the counter have been obtained (2, 4). 
[It is noteworthy however, that there is still no 
sufficiently reliable method of determining 
moisture of soil and rocks under field condi- 
tions. In this paper we discuss one of the 
possible ways in which a broad beam of gamma 
rays could be used for this purpose. The method 
of measurement is based on the experimentally 
established fact that the effective mass attenua- 
tion coefficient of a broad beam is independent 
of the soil moisture. Here it must be noted 
that both in laboratory experiments and in 
observations of moisture variation under na- 
tural conditions the bulk density of the skele- 
ton soil remained constant. 


The methodology of moisture measurement is 
simplified appreciably if the observations are 
made at permanent plots. Two borings were 
Jrilled in the experimental area. The source- 
‘-o-counter distance was not varied throughout 
the observation period, so there was no neces- 
sity to allow for variation of the gamma ray 
uttenuation-coefficient with distance. 


An almost parallel beam of gamma-quanta, 
its angle of half solution being 1-2°, was used 
in the experiment. The counter was placed in 
1 lead housing with an aperture for the emer- 
sence of the gamma-quanta beam, The source 
‘Co, activity about 20 microcuries) was 
laced in a lead container with an aperture for 


sollination of the beam (Fig. 1 


It was established that the attenuation of the 
gamma radiation in a moist soil (sand) could 
be well described by the following simple 
formula 


ee: >.4 
N=Noe Lt eff pW e (1) 


where eff is some effective mass coefficient 
of attenuation after allowance has been made 
for secondary radiation; py is the bulk density 
of the moist soil and x is the distance between 
the borings. 


In order to approximate the laboratory experi- 
ments as nearly as possible to natural condi- 
tions they were performed in a large trough mea- 
suring 150 x 75 x 75 cm’, The borings were 
modelled in the tray by means of iron tubes 
89 mm in diameter set 50-60 cm apart. The 
experiment was controlled in a thermostat 
drier. 


The experiments showed that over a fairly 
wide range of moisture variation (0%-20%) 
the effective mass attenuation coefficient did 
not depend on moisture (Table 1). 


The independence of veff on moisture 
content made it possible to follow its varia- 
tion under field conditions by proceeding from 
formula (1). 


If there is no change in the bulk density of 
the ground skeleton in the process of mea- 
surement we can in fact write the following 
formula for two values of the moisture con- 
tent, w, and wj: 


N, =N,e / eff psk (1 +Wi)x Nj=N,e” Veff Psk (1+Wi)x 


from which it follows that 


fol J 


Geometry of the experiments 
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l N 
Wieeectipe +W}, (i=2, Sees) (2) 


It can be seen from formula (2) that once 
we have determined the value of w, by thermo- 
static drying and the pulse count rate N, cor- 
responding to it, we can perform the observa- 
tions on moisture contents. 


Table 1 


Moisture-content values obtained in the thermo- 
static drier 


~~ 


4,7 
3,4 
4,3 
5,5 
6,0 
7,4 
7,5 
8,0 
8,8 


- 


Note: Comma represents decimal point. 


To verify the propositions set out, obser- 
vations on the change of the diurnal course of 
moisture in the subsoil layer were made in 
the summer of 1959 at the high mountain sta- 
tion of Suntar Khayat, which was working on 
the third IGY programme. The observations 
were made by 10 cm layers to a depth of 60 
cm, Other methods of observation on moisture 
charge were not used at Suntar Khayat, since 
the parent material on which the observations 
had to be made consisted of coarse fragmentary 
stones. Therefore, the very concept of mois- 
ture content could be used only in relation to 
a fairly considerable volume of parent ma- 
terial, The moisture values obtained gravi- 
metrically might therefore differ substantially 
from one point to another and only the averaged 
values would be reliable. This meant that 
gamma radiation was the only method that 
could be used to observe the variation of sub- 
soil moisture in the 60 cm layer. 


A B-2 apparatus was used to obtain accuracy 
of measurement in the pulse count registration, 
The filament valves of this apparatus were fed 
from accumulators and an anode voltage of 
300 c was taken from a converter working from 
a 24 V accumulator. Current was supplied to 
the counter from a GB-400 discharge battery. 
This battery maintains a strictly constant vol- 
tage over a long period and so gives an advant- 
age in regard to accuracy of measurement. 


To perform the observations at the Suntar- 
Khayat station it was necessary to determine 
the effective mass attenuation coefficient for 
the given type of subsoils and to discover 
the relationship betweenthis coefficient and 
the moisture content. This was done by the 
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following method. 


An iron box, measuring 51.5 x 22 x 28.2 cm 
was made and filled with soil material of varying 
degrees of moisture. The bulk density of the 
ground skeleton remained strictly constant. The 
box was then put between the source and the 
counter and the egg for various p Pa mois- 
ture content w was determined. Ta le 2 shows 
that eff remained practically constant over a 
wide range of moisture content variation (from 
0-27%). 


Table 2 


Moisture content, % 


As calculated 


Note: Comma represents decimal point. 


The mean value of the effective mass relax- 
ation coefficient under our conditions proved 
to be 0.0466. For convenience, Table 2 shows 
the moisture values as determined gravimetri- 
cally on the left hand side and as determined 
from formula (2) on the right hand side. 


Once eff had been found for the Suntar- 
Khayat rocks it became possible to determine 
the compaction of the skeleton soil between the 
borings where it was proposed to carry out the 
observations on moisture contents. For this 
purpose the space between the borings was filled 
with dried soil material and the value of psk 
in the different horizons was determined from 
the formula 


phat (3) 


(x = 51.5 cm). 


The experimental boring was then left to 
saturate. Saturation was fairly rapid, as there 
was heavy rainfall during this period. 


Table 3 shows some results of the observa- 
tions on diurnal moisture-content change at the 
Suntar-Khayat station. The values obtained by 
the thermostat drying, relating to the surface 
layer, are compared with those obtained by the 
gamma ray, relating to a layer at a depth of 
about 10 cm, The explanation of certain dis- 
crepancies in the values is that the samples 
used for the gravimetric method were taken 
directly from the ground surface (Table 3). 


Formula (2) was used to process the re- 
sults, with w, = 0. In most cases the values 


obtained by each method were found to correspond 


MOISTURE DETERMINATION 


Table 3 


Soil moisture values obtained by two methods, % 


Gamma ray 
method on 
layer about 

10 cm 


Date of ob- 
servations 
in Aug- 

| ust 


‘ Thermo- 

tatic dry- 
ing of sur- 
face layer 


Date of ob- 
servations 
in Aug- 
ust 


Hour of 
observa- 
tion 


observa- |. 


ee face layer 


Gamma ray 
method on 
layer about 


Note: Comma represents decimal point. 


The results were also found to correlate with 
meteorological conditions. On August 5, for 
example, rain fell; the moisture content of 

the surface layer was 3.3%. It was not possi- 
ble for the moisture to soak through completely 
to a depth of 10 cm by the time the count was 
taken, but even at that depth the moisture con- 
tent did rise to 1.7%. On August 15 rain again 
fell, with the same effect. 


Despite the low moisture values observed at 
Suntar-Khayat, the gamma ray method gives a 
fairly high degree of accuracy owing to the 
coarse texture of the rocks. The relative 
possibility of error in determining the mois- 
ture content can be found from the following 
ratios: 


to determine the compaction of the skeleton soil, 
sk, and be sure that it has not changed during 
the observations, the use of a wide gamma ray 
beam is a fairly accurate and convenient 

method of performing observations on moisture 
change in soils and parent material. 


Received February 2, 1960 
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Expressed as a percentage, the margin of 
error does not exceed +0.4%. The low prob- 
ability of error in measurement given by the 
method under discussion made it possible to 
detect the presence of condensation moisture 
in the top layers of the ground on days when 
there was no precipitation and the top layer 
had dried out sufficiently. This was corrobor- 
ated from visual observations. 


In conclusion, we may say that under per- 
manent field conditions, where it is possible 
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CHRONICLE 


FIRST CONFERENCE OF SIBERIAN SOIL SCIENTISTS 


A conference of Siberian soil scientists, 
convened by the Krasnoyarsk division of the 
All-Union Society of Soil Scientists (VOP) 
and the Institute of Forests and Timber of the 
Siberian division of the USSR Academy of 
Sciences, was held March 10 to 14, 1961. 


The conference was attended by soil scien- 
tists from the Omsk, Novosibirsk, Kemerov, 
Tomsk, Irkutsk, Chita, and Amur Oblasts' 
and from the Buryat, Yakut, Altay, and 
Krasnoyarsk krays. There were 128 parti- 
Cipants in all, 


The All-Union Society of Soil Scientists was 
represented by its Vice President, Professor 
8. V. Zonn, Professor K. P. Gorshenin, 
corresponding member of the All-Union Insti- 
tute of Scientific Research on Agriculture, and 
others. 


Forty-four papers were read and discussed. 
The subjects covered included the genetic 
characteristics and classification of soils in 
different regions; the forest soils of Siberia; 
map-making; the establishment of site quality 
indices for soils in the Tomsk Oblast'; soil 
physics; water, nutrient, and microbiological 
regimes; freezing processes; bog soils and 
their melioration; saline soils and their recla- 
mation; wind erosion; continuous-cultivated 
soils; the micro-elements of soils and their 
methods of determination; agricultural chem- 
istry; the role of earthworms and root systems; 
and information on the work of local societies 
of soil scientists. 


The conference laid down lines for the fur- 
ther improvement of soil and agricultural 
chemical research, brought out the importance 
of large scale soil maps of collective and state 
farms and the necessity for a close tie up be- 
tween science and production, and elected a 
committee to coordinate all soil and agricul- 
tural chemical work in Siberia and bring Si- 
berian soil scientists into closer contact with 
one another, 


In its resolution, the conference: 


1, Endorsed the initiative of the Krasnoyar- 
sk division of the VOP and of the Institute of 
Forests and Timber of the Siberian division 
of the USSR Academy of Sciences in calling a 
scientific conference of Siberian soil scientists, 
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2, Considered that in addition to soil map- 
ping, the following tasks were of immediate 
importance for Siberia: theoretical and prac- 
tical research on water and wind erosion; the 
study of regional peculiarities of soils from 
the standpoint of genetics and agricultural 
production; the diagnosing of regional soil 
requirements in fertilizers, in conjunction 
with the study of the micro-elements of soils, 
irrigation and drainage melioration; and the 
reclamation and continuous cultivation of 
saline lands. 


3. Considered it essential to encourage 
local VOP branches to push ahead as rapidly 
as possible with large-scale surveys of state 
and collective farms and to improve the 
quality of all their work. 


Directed the attention of the Ministry of 
Agriculture to the necessity for more thorough 
study of the physical and chemical properties 
of Siberian soils and of providing modern in- 
struments and equipment for soil and — 
agricultural chemical laboratories. 


4, Resolved to enhance the value of pedalogi- 
cal research material by publicizing, through 
pamphlets and word of mouth propaganda, know- 
ledge of local soils and their properties, and 
by stimulating a more intelligent use of soil 
maps and other research material. 


5. Decided to discuss with the USSR Ministry 
of Agriculture and the Ministry of Higher and 
Secondary Education the question of drastically 
expanding the training of soil scientists, both at 
universities and agricultural institutes of higher 
education and through training courses for 
agronomists, foresters, melioration officers, 
and rural school teachers, and drew particular 
attention to the fact that with the exception of 
the University of Moscow not a single education- 
al establishment was training soil scientists 
for reclamation work. 


6. Stated that the territorial and provincial 
divisions of the VOP must systematically help 
the departments of soil conservation and land 
survey attached to the Boards of Agriculture > 
to take an active part in the work of selecting 
experimental farms in which natural conditions 
were typical, and help the experts at these farms 
to organize the work of soil and agricultural 
chemical laboratories and so forth. 


SIBERIAN SOIL SCIENTISTS CONFERENCE 


7. Decided to promote more work on the 
study of soils in the forest regions of Siberia 
and to recommend that soil scientists take an 
active part in working out the scientific 
foundations for forestry in Siberia. 


8. Drew the attention of the governing body 
of the Siberian division of the USSR Academy 
of Sciences and also of the Ministry of Agri- 
culture of the RSFSR to the necessity of or- 

-ganizing in Siberia an extensive network of 
soil stations for advanced research on the 
genetic and productive properties of Siberian 
soils used in agriculture and forestry. 


9. Drew the attention of the biological sci- 
ences division of the USSR Academy of Sciences 
to the fact that for two years there had been no 
session of the interdepartmental committee on 
soil classification in the Soviet Union, and 
considered it opportune to work out the problems 
involved in classifying soils by regions. 


10. Considered it opportune to set up in 
Siberia a coordinating committee consisting of 
K.P. Gorshenin, N.D. Gradoboyev, R.V. Kov- 
alev, S.A. Kolyago, O. V. Makeyev, B.V. Na- 
dezhdin, N.V. Orlovskiy, M.A. Pikalov, and 
N. F. Tynmentsev, and provided that the com- 
mittee'’s program of work should include 
scientific and scientific production conferences, 
conferences on methods, and advisory meet- 
ings with local divisions of the VOP on aspects 
of soil science presenting problems, and also 
exchange of information on work. 


Considered it advisable in order to make 
the work of the coordinating committee explicit, 
that its functions be distributed among its mem- 
bers as follows: 
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a) Novosibirsk division of the VOP — ques- 
tions of medium and small-scale map making, 
programs and methods of station research; 


b) Krasnoyarsk division of the VOP — soil 
erosion and melioration, research on Siberian 
soils from the standpoint of forest manage- 
ment and agricultural chemistry; 


c) Omsk division of the VOP — large-scale 
soil mapping and the reclamation of solonetz 
soils; 


d) Buryat division of the VOP — study of 
microelements and the natural radio-activity 
of soils; 


e) Tomsk division of the VOP — questions of 
establishing site quality indices for soils. 


11. Instructed the coordinating committee of 
the Siberian division of the VOP to carry out 
the organizational and scientific preparation of 
documents and papers by Siberian soil scien- 
tists for the second delegate conference of the 
VOP; 


12. Requested the Institute of Forests and 
Timber of the Siberian division of the USSR 
Academy of Sciences to publish the conference 
material. 


13. In view of the rate of reclamation of 
vast land reserves in Siberia and the necessity 
of all-round study of the soil, requested the 
Presidium of the Siberian division of the 
USSR Academy of Sciences to inaugurate a 
journal entitled "Soils of Siberia, " 


N. V. Orlovskiy, Ye.G. Chagin, and 
I. I. Smol'yaninov 


SCIENTIFIC CONFERENCE ON ESTONIAN SOILS 


The Estonian branch of the All-Union Society 
of Soil Scientists, the Estonian Agricultural 
Academy, and the Society of Naturalists at- 
tached to the Estonian Academy of Sciences 
held a scientific conference on Estonian soils 
at Tartu from March 28, to April 1, 1961. 
During the five days of the conference 55 scien- 
tific papers and communications were read and 
discussed. The topics covered included large- 
scale mapping, the genesis, geography, and 
properties of soils, land evaluation, the 
determination of soil requirements in fertil- 
izers and liming, and the practical use of soil 
and agricultural chemical research material. 


The conference was attended by representa- 
tives of 57 institutions. Average attendance 
at each of the eight sessions was 140 people. 
In addition to Estonian soil scientists, agricul- 
tural chemists, and agricultural workers, 
representatives from Moscow, Leningrad, Latvia, 
Byelorussia, Georgia, the Karelo- Finnish 
ASSR, and the Novgorod and Pskovsk provinces 
took part. 


Professor Yu. A. Liverovskiy dealt (in his 
paper) with the problems of classifying and 
mapping soils in connection with large-scale 
research in a non-chernozem zone. Problems 
relating to the genesis of podzolic and sod- 
podzolic soils were discussed in a paper by 
V.V. Ponomareva, The main paper on large- 
scale soil mapping in Estonia was read by 
L. Yu. Reyntam and I, Rooma, and A.I. Lillema, 
R. K. Pant and R. P. Kask reported on land 
evaluation, E.I. Raudviali spoke on the question 
of streamlining the work of total chemical 
analysis in the laboratory, and A. P. Piko 
on the use of information provided by the 
agricultural chemical service, A film on the 
work of the Kuuzik agricultural chemical 
laboratory was shown, Reports by K.K. Briv- 
kalna and I. I. Vaitekunas dealt with work on 
large-scale soil mapping and land evaluation in 
Latvia and Lithuania, and the results of agricul- 
tural chemical research on the soils of these 
Republics were presented by A. Svedas and 
A. P. Zemit. 


G.I Grigor'yev, A.S. Konovalova, and N. D. 
Pustovoytov, members of the scientific staff 
of the Dokuchayey Soil Institute, acquainted 
the conference with the results of their research 
on the properties of virgin and continuously 
cultivated sod-podzolic soils in Estonia. A 
paper by R.A. Sepp dealt with the first attempt 
at mapping the forest soils of Estonia and 
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another, by A.V. Raukas, described in detail 
the characteristics of moraines as soil-form- 
ing parent material. Several papers on the 
different properties of Estonian soils were 
heard (L. U. Reyntam, H. E. Kendra, E.J. 
Kitse, A.O. Kongo, A.L Lillema, R.A. Sepp, 
I.P. Rooma, K.M. Pork, and others). Papers 
by O.O. Ryys and V. P. Lepasepp dealt with 
methodological problems in mapping the land 
reserves, 


A first summary on the comparative produc- 
tivity of soils, based on actual data from particu- 
lar farms, was given in papers by R.R. Kokka 
and J.P. Torima; data on the use of soil re- 
search in organizing land areas and solving 
problems of agricultural economy were con- 
tained in reports by L.H. Pal'ma and L. R. 
Lilover. An experiment in the practical use 
of soil research material was described in 
papers by the agronomists L. P. Vaaks, J. A. 
Peets, and V. Nestor. Papers on aspects of 
agricultural chemical soil research, fertilizers, 
liming, and agricultural techniques were read 
by Professors O.G. Hallik, H. A. Kjarblan, 
L.G. Kevvay, V.M. Waller, E.M. Turbas, 

H. K. Michelson, R. Kaljmet, J. M. Reemann, 
and others. 


The conference took place in an atmosphere 
of keen creative endeavor and the guests noted 
that Estonian soil scientists and agricultural 
chemists were in close touch with agricultural 
practice and with related sciences (geology, 
geobotany and so forth), and that joint research 
was being performed. 


The resolutions adopted mentioned the 
problems ahead in regard to large-scale soil 
mapping, land evaluation, the large-scale in- 
vestigation of soil requirements in fertilizers 
and lime, and the study of various soil 
properties, It was decided to hold further 
annual conferences in Estonia, Latvia, Lithuania, 
and Byelorussia in turn. The branches of the 
VOP in each of the Republics were to set up an 
inter-Republic office for coordinating soil and 
agricultural chemical research, It was decided 
that there should be inter-republic exchanges 
of soil scientists and agricultural chemists, 

It was proposed that the papers and communi- 
cations presented at the conference be pub- 
lished in the form of a collection, 


L. Yu. Reyntam 


AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsidize 
translation and publication of important Russian literature in biology have been obtained from the National 
Science Foundation, as part of a larger program to encourage the exchange of scientific information between 
the two countries. The following monographs have been published: 


Origins of Angiospermous Plants. By 4. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
68 pp. [13 illustrations] 814 x 10%4. $3.00, individuals and industrial libraries (U.S. & Canada) ; $2.00, 
AIBS members and all other libraries; $.50 additional, foreign. 


Essays on the Evolutionary Morphology of Plants. By A. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
144 pp. [32 illustrations] 8% x 10°. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


Problems in the Classification of Antagonists of Actinomycetes. By G. F. Gause 
Edited by David Gottlieb. Translated by Fritz Danga 
165 pp. [18 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada); $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


Arachnida. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. J. Pomerantzev 
F Edited by George Anastos. Translated by Alena Elbl. 
199 pp. [638 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 
AIBS members and all other libraries; $1.00, additional, foreign. 


Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin 
Translated and edited by A. Ratcliffe and A. M. Hughes 
567 pp. [705 illustrations] 7 x 10. $10.00, individuals and industrial libraries; (U.S. & Canada) ; $9.00, 
AIBS members and all other libraries; $1.00, additional, foreign. 

Marine Biology. Trudy Institute of Oceanology. Vol. XX. Edited by B. N. Nikitin 
302 pp. [66 illustrations] 8% x 10%. $10.00, individuals and industrial libraries; (U.S. & Canada; $7.50, 
AIBS members and all other libraries; $1.00, additional, foreign. 

Plants and Xrays. By L. P. Breslavets 


Editor of English Edition: Arnold H. Sparrow ; 
115 pp. [26 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 


AIBS members and all other libraries; $.50, additional, foreign. 
Wintering of Plants. By J. M. Vasil’yev 


Editor of English edition: Jacob Leyitt. ; 
$9.00, individuals and industrial libraries (U.S. & Canada) ; $8.00, AIBS members and all other libraries; 


$.50, additional, foreign. 


Monogenetic Trematodes, Their Systematics and Phylogeny. 
Editor of English edition: William J. Hargis, Jr. : - 
$10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, AIBS members and all other libraries; 


$.50, additional, foreign. 
For orders and a FREE copy of our Publications Catalog listing all AIBS Publications, write to: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D. C. 


By Boris E. Bychowsky. 


— TRANSLATIONS OF 
RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a_ grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 


DOKLADY: BIOLOGICAL SCIENCES SECTION : 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published 


1961, Vols. 136-141. = 


Subscriptions: 


$20.00 per year, individuals and indus- $2.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $4.00 pny act? copies 


$15.00 per year, AIBS members and all IN 
other libraries r GRONOMY SEM Hac 
DOKLADY: BA NISMESETENCES SECTION 
whhis 


6 issues per year. First issues pwblished: 1957, Vols. 112-117. Current issues published 
1961, Vols. 136-141. 
Subscriptions: 
$7.50 per year, individuals and indus- $1.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada $1.50 each, single copies 
$5.75 per year, AIBS members and all 
other libraries 


DOKLADY: BIOCHEMISTRY SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published ~ 
1961, Vols. 136-141. 
Subscriptions :- 

$15.00 per year, individuals and indus- $3.00 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $4.50 each, single copies 
$10.00 per year, AIBS members and all 

other libraries 


PLANT PHYSIOLOGY e FIIZIOLOGIYA RASTENILY 
6 issues per year. First issues published: 1957. Vol. 4, Nos. 1-6. Current issues pub- 
lished: 1961, Vol. 8, Nos. 1-6. 

Subscriptions: t . 

$15.00 per year, individuals and indus- $2.00 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $3.00 each, single copies 
$11.00 per year, AIBS members and all 

other libraries 


SOVIET SOIL SCIENCE e POCHVOVEDENIYE 
aoe’ per year. First issues published: 1958. Current issues published: Jan.-Dec., 
0. 
Subscriptions: 

$20.00 per year, individuals and indus- $2.50 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $4.00 each, single copies 
$15.00 per year, AIBS members and all 

other libraries 


MICROBIOLOGY « MIKROBIOLOGIYA 


6 issues per year. First issues published: 1957, Vol. 26, Nos. 1-6. Current issues pub- 
lished: 1961, Vol. 30, Nos. 1-6. 


Subscriptions: 


$40.00 per year, individuals and indus- $3.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $4.50 each, single copies 


$20.00 per year, AIBS members and all 


other libraries 


ENTOMOLOGICAL REVIEW 


ENTOMOLOGICHESKOYE OBOZRENIYE ae 


- maa per year. First issues published: 1958. Current issues published: 1961, Vol. 40, 
Os. ~De 
Subscriptions: a 
$25.00 per year, individuals and indus- $3.00 additionai to each price, foreign 
__trial libraries (U.S.A. & Canada) $7.50 each, single copies 
$12.00 per year, AIBS members and all 
other libraries 


Order from: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D. C. 
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